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A B S T R A C T
On e  L a n d s a t  T h e m a t i c  M a p p e r  (TM)* and two M u l t i s p e c t r a ]  
S c a n n e r  (MSS) d a t a  s e t s  w e r e  d i g i t a l l y  a n a l y z e d  for forest 
s t a n d  and type m a p p i n g  of the K i s a t c h i e  R a n g e r  District. 
K i s a t c h i e  National Forest* Louisiana. D e t a i l e d  g r o u n d -  
veri fica t i o n  m a p s  w e r e  p r o d u c e d  from i n t e r p r e t a t i o n  of 
1 : 1 2 . 0 0 0  and 1 : 5 8 . 0 0 0  c o l o r - i n f r a r e d  (CIR) aerial 
p h o t o g r a p h y  of n i n e  test c o m p a r t m e n t s  in the s t u d y  area. 
S t a n d  b o u n d a r y  and s o i l s  m a p s  of the s t u d y  area were 
o b t a i n e d  a n d  input to the d i g ital g e o g r a p h i c  i n f o r m a t i o n  
s y s t e m  a l o n g  with the s a t e l l i t e  and g r o u n d - v e r i f i c a t i o n  
data. Aerial u n i f o r m i t y  an d  v o l u m e  i n f o r m a t i o n  were 
in t e r p r e t e d  and c o m b i n e d  w i t h  the c o v e r - t y p e  data, w h i c h  
incl u d e d  the f o l l o w i n g  c a t e g o r i e s :  open areas, lon g l e a f -
s l a s h  pines, l o b l o l l y - s h o r t l e a f  pines, and hardwoods.
U n s u p e r v i s e d  c l a s s i f i c a t i o n s  of the three L a n d s a t  d a t a  
s e t B  r e s u l t e d  in p o o r  r e s u l t s  for i d e n t i f i c a t i o n  of the 
a b o v e  classes. S u p e r v i s e d  c l a s s i f i c a t i o n s  w e r e  tested by 
both t r a i n i n g  fields and B t a n d  a g r e e m e n t  to the g r o u n d -  
veri f icat i on. T h e  h i g h e s t  fo u r - c l a s s  overall a g r e e m e n t  (by 
stand) w a s  o b t a i n e d  for the TM c l a s s i f i c a t i o n  (76 percent). 
T h r e e - c l a s s  s t a n d  a g r e e m e n t s  (open. pine, and hardwoods) for 
the s u p e r v i s e d  c l a s s i f i c a t i o n s  of the three d a t a  s e t s  were  
i n s i g n i f i c a n t l y  d i f f e r e n t  as tested by ANOV (alpha level 
0.1). Th e  t h r e e - c l a s s  a g r e e m e n t  for all c l a s s i f i c a t i o n s  
ranged from 81 to 85 percent.
xvi
S o i l s  d a t a  w e r e  d e t e r m i n e d  to be im p o r t a n t  for m o d i f i c a t i o n  
of s i n g l e - d a t e  c l a s s i f i c a t i o n  results.
The main c o n c l u s i o n s  w e r e  that TM d a t a  w e r e  s u p e r i o r  to 
the s i n g l e -  an d  t u o - d a t e  MS S  c l a s s i f i c a t i o n s  for d e t a i l e d  
forest mapping. However, the s u p e r v i s e d  TM c l a s s i f i c a t i o n  
wa s  not s i g n i f i c a n t l y  d i f f e r e n t  from the M S S  c l a s s i f i c a t i o n s  
for i d e n t i f i c a t i o n  of p i n e s  and hardwoods. T w o - d a t e  TM 
a n a l y s i s  and a d d i t i o n a l  d a t a  p r o c e s s i n g  cost a n a l y s i s  were 
s u g g e s t e d  for future research.
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I N T R O D U C T I O N
T h e  L a k e s  States* R o c k y  Mounta i n s *  P a c i f i c  Coast* and 
Boreal F o r e s t  of N o r t h  A m e r i c a  are r e g i o n s  u h e r e  L a n d s a t  
m u l t i s p e c t r a l  s c a n n e r  (MSS) d a t a  h a v e  b e e n  u s e d  s u c c e s s f u l l y  
to ma p  forest types. T h e s e  a r e  a r e a s  u h e r e  p u r e  s t a n d s  of 
ti m b e r  o c cur frequently. R e s u l t s  o b t a i n e d  from L a n d s a t  
a n a l y s i s  of the e a s t e r n  and p a r t i c u l a r l y  the s o u t h e r n  U n i t e d  
S t a t e s  h a v e  b e e n  v a riable. T h e s e  m a j o r  fore s t e d  r e g ions 
h a v e  a large p r o p o r t i o n  of m i x e d  c o n i f e r - h a r d u o o d  s t a n d s  
u h i c h  o f t e n  e l u d e  a t t e m p t s  to d i f f e r e n t i a t e  the s p e c i e s  
c o m p o n e n t s .  L a n d s a t  m a p p i n g  p r o j e c t s  h a v e  b e e n  p e r f o r m e d  
s u c c e s s f u l l y  in the South* houever* t h ese u e r e  g e n e r a l l y  
c o n f i n e d  to i d e n t i f i c a t i o n  of all forest as a s i n g l e  e n t i t y  
u i t h o u t  i d e n t i f i c a t i o n  of c o m m u n i t i e s  or species.
In all regions, the d e f i n i t i o n  of " s u c c e s s f u l . "  often  
u s e d  to d e s c r i b e  the a c c u r a c y  of L a n d s a t - d e r i v e d  maps, is 
u s u a l l y  c o n s i d e r e d  by forest m a n a g e r s  as b e l o u  uhat is 
g e n e r a l l y  a c c e p t a b l e  for pra c t i c a l  app l i c a t i o n .  A c c u r a c i e s  
of less than 60 to g r e a t e r  than 90 p e r c e n t  ar e  o f t e n  g i v e n  
as i n d i c a t i o n s  of the u t i l i t y  of L a n d s a t  d a t a  for forest 
mapping. H i g h e r  overall a c c u r a c i e s  ar e  o f ten a result of 
r e c o m b i n a t i o n  of s p e c t r a l  c l a s s e s  into m o r e  g e n e r a l l y  
d e f i n e d  c a t e g o r i e s .  For example* all forest t y pes may be 
c o m b i n e d  into a s i n g l e  class. S u c h  a g g r e g a t i o n  of 
c a t e g o r i e s  u s u a l l y  i m p r o v e s  the a c c u r a c y  of the final
1
2p r o d u c t  at the e x p e n s e  of loss of m o r e  d e t a i l e d  map 
information.
P r o j e c t s  u h i c h  u s e d  L a n d s a t  M S S  d a t a  a n d  o b t a i n e d  
r e l a t i v e l y  low m a p p i n g  a c c u r a c i e s  a r e  still b e i n g  repo r t e d  
in the literature. T h i s  may i n d i c a t e  that the re m o t e  
s e n s i n g  s c i e n t i f i c  c o m m u n i t y  is s a t i s f i e d  u i t h  the s t a t u s  
quo. R e p o r t e d  r e s e a r c h  on L a n d s a t  MS S  data, to date, is a 
result of c a r e f u l l y  p l a n n e d  i n v e s t i g a t i o n s  w h i c h  h a v e 
b e n e f i t t e d  from the p r o b l e m s  e n c o u n t e r e d  in p r e v i o u s  
projects. I n v e s t i g a t i o n s  of the u s e s  of L a n d s a t  M S S  data 
h a v e  b e e n  o n - g o i n g  for a b o u t  14 years. Thus, a c c u r a c i e s  
r e p o r t e d  may be the h i g h e s t  o b t a i n a b l e  for forestry 
a p p l i c a t i o n s  of L a n d s a t  MSS.
T h e  T h e m a t i c  M a p p e r  (TM) on L a n d s a t s  4 and 5 was 
d e s i g n e d  on the b a s i s  of the e x p e r i e n c e s  r e s e a r c h e r s  h a v e  
had uith p r e v i o u s  MS S  systems. Actually, the TM is a 
se v e n - c h a n n e l  MSS. T h e  spatial, spectral, and q u a n t i z a t i o n  
r e s o l u t i o n s  w e r e  i n c r e a s e d  over the original L a n d s a t  MSS 
format. T h e s e  c h a n g e s  w e r e  m a d e  in the h o p e  that s e n s o r  
i m p r o v e m e n t s  u o u l d  t r a n s l a t e  into b e t t e r  d a t a  q u a l i t y  and. 
therefore, m o r e  useful p r o d u c t s  from analysis. M o s t  of the 
s e v e n  spec t r a l  c h a n n e l s  of the TM u e r e  d e s i g n a t e d  w i t h  
v e g e t a t i o n  m a p p i n g  in mind. Th e  Bpatial r e s o l u t i o n  of each 
p i c t u r e  e l e m e n t  (pixel; 3 0 - b y - 3 0  m) was c o n s i d e r e d  to be 
optimal for the physical a m o u n t  of d a t a  (digital values) and 
the spatial i n f o r m a t i o n  c o n t e n t  for l a r g e - a r e a  coverage.
3All of the i m p r o v e m e n t s  i n c o r p o r a t e d  into the TM s y s t e m  
o f f e r  the pot e n t i a l  for d e t a i l e d  forest analysis.
D i f f e r e n c e s  in the i n f o r m a t i o n  c o n t e n t  of the L a n d s a t  MSS 
and TM B y s t e m s  u e r e  d e m o n s t r a t e d  in t h i s  study. A n a l y s i s  
t e c h n i q u e s  for the two d a t a  t y pes w e r e  kept the s a m e  so that 
d i f f e r e n c e s  in the r e s u l t B  c o u l d  be d i r e c t l y  a t t r i b u t e d  to 
the c h a r a c t e r i s t i c s  of e a c h  sensor. T h e  f o l l o w i n g  tasks 
w e r e  a c c o m p l i s h e d :
1) L a n d s a t  d a t a  u e r e  used to s t u d y  an a r e a  not 
p r e v i o u s l y  a n a l y z e d  (the p i n e - h a r d w o o d  forest of 
w e s t - c e n t r a l  L o u i s i a n a ) ;
2) s a m p l i n g  and a g r e e m e n t  t e s t i n g  p r o c e d u r e s  u e r e  
used w h i c h  g a v e  a b e t t e r  p e r s p e c t i v e  on the 
u t i l i t y  of L a n d s a t  d a t a  for forest m a n a g e m e n t ;
3) L a n d s a t  MSS a n d  TM d a t a  w e r e  c o m p a r e d  for forest 
analysis;
4) forest s t a n d  c h a r a c t e r i s t i c s  as d e t e r m i n e d  from 
g r o u n d  v e r i f i c a t i o n  u e r e  c o m p a r e d  to L a n d s a t  
MSS an d  TM data.
T h e  p r o c e d u r e s  u s e d  to a c c o m p l i s h  the a b o v e  t a s k s  are 
re p o r t e d  in detail in the M e t h o d s  s e c t i o n  of this 
ma n u s c r i p t .  M a n y  of the digital a n a l y s i s  p r o c e d u r e s  used in 
this p r o j e c t  a r e  fa i r l y  s t a n d a r d  in m a n y  c o m p u t e r  systems. 
O t h e r  p r o j e c t s  h a v e  s e t  the p r e c e d e n t s  for p r o c e d u r e s  w h i c h  
u e r e  u s e d  or m o d i f i e d  for us e  in this project. An in-depth 
r e v i e w  of p r e v i o u s  r e s e a r c h  is p r o v i d e d  in the L i t e r a t u r e
4R e v i e w  section. C o m p a r i s o n s  of o t h e r  w o r k  to the r e s u l t s  
o b t a i n e d  in this p r o j e c t  ar e  g i v e n  in the D i s c u s s i o n  
section.
T h e  a c c u r a c y  of L a n d s a t  ma p  p r o d u c t s  is d e t e r m i n e d  
u s u a l l y  by c o m p a r i s o n  of the r e s u l t s  to ’’g r o u n d  t r u t h . ”
T h i s  t e r m  b e c a m e  v e r y  p o p u l a r  in the e a r l y  y e a r s  of L a n d s a t  
a n a l y B i B  an d  has b e e n  c o n t i n u a l l y  u s e d  to r e p r e s e n t  
o b s e r v a t i o n s  used to v e r i f y  m a p s  or i n f o r m a t i o n  p r o d u c e d  
from r e m o t e l y  s e n s e d  imagery. B o t h  the t e r m s  " g r o u n d ” and 
" t r u t h ” have s o m e w h a t  d e c e p t i v e  c o n n o t a t i o n s  w h e n  a p p l i e d  to 
s t a t i s t i c a l  re m o t e  sensing. V e r i f i c a t i o n  of m a n y  L a n d s a t  
p r o d u c t s  has o f t e n  b e e n  d o n e  e x c l u s i v e l y  t h r o u g h  the use of 
other aerial imagery, p r i m a r i l y  p h o t o g r a p h y .  Thus, the 
" g r o u n d ” (site) c o n d i t i o n  and v e g e t a t i o n  c o m p o s i t i o n  may 
never h a v e  been assessed.
Th e  term "truth" is a l s o  a m i s n o m e r  in that c o m p l e t e  
e n u m e r a t i o n  and o b s e r v a t i o n  of all field c o n d i t i o n s  (the 
total truth) is i m p ractical and o n l y  c a r r i e d  out on v e r y 
small sites. Therefore, a s a m p l e  of the total a r e a  is 
u s u a l l y  o b s e r v e d  and c h a r a c t e r i z e d  for u s e  in t e s t i n g  the 
v e r a c i t y  of the r e m o t e l y  s e n s e d  ma p  product. T h e  sample, if 
p r o p e r l y  taken, ca n  be a g o o d  e s t i m a t e  of the actual 
c o n d i t i o n  of the total popul a t i o n .  But e v e n  g o o d  s a m p l e s  
a re s u b j e c t  to s o m e  s c rutiny. T h i B  is why c o n f i d e n c e  limits 
a r e  p l a c e d  a b out the e s t i m a t e s  of p o p u l a t i o n  param e t e r s .
To p l a c e  this d i s c u s s i o n  in p e r s p e c t i v e ,  the p r e v i o u s  
a s s e r t i o n s  abo u t  g r o u n d  t r uth imply that s u c h  i n f o r m a t i o n  is
not absolute. If g r o u n d  truth s a m p l e s  a r e  not absolute, how 
ca n  the term " a c c u r a c y "  be used to d e s c r i b e  the s u c c e s s  of 
m a p p i n g  w i t h  r e m o t e l y  s e n s e d  i m a g e r y ?  Accuracy, by 
d e f i n i t i o n ,  is f r e e d o m  from e r r o r  or c o n f o r m i t y  to the 
truth. T h e  term " a c c u r a c y "  is m i s u s e d  in m o s t  remote 
s e n s i n g  rese a r c h  in that the map p r o d u c t  is c o m p a r e d  to 
field o b s e r v a t i o n s  w h i c h  m a y  be in error. Therefore, the 
term " a g r e e m e n t "  is u s e d  in this p r o j e c t  to d e n o t e  the 
c o m p a r i s o n s  used b e t w e e n  L a n d s a t  a n a l y s i s  and field 
i n t e r p r e t a t i o n  of g r o u n d  c o n ditions. Th e  use of " a g r e e m e n t "  
a v o i d s  the p r o b l e m  of r e p o r t i n g  the truth which, in most 
cases, is not known. The term also p r o v i d e s  a good  
d e s c r i p t i o n  of the us e  of L a n d s a t - d e r i v e d  m a p s  as c o m p a r e d  
to p r actical field and aerial p h o t o i n t e r p r e t e d  information.
Th e  term "ground truth" wa s  repl a c e d  by " g round 
v e r i f i c a t i o n "  in this project. E x t e n s i v e  field o b s e r v a t i o n s  
w e r e  p e r f o r m e d  so that the w o r d  "ground" was r e t a i n e d  from 
the original term. However, "truth" was d i s c a r d e d  in favor 
of the term " v e r i f i c a t i o n . "  T h i s  t e r m i n o l o g y  a l l o w e d  for 
c o m p a r i s o n s  of the field and p h o t o g r a p h y  o b s e r v a t i o n s  to 
L a n d B a t  c l a s s i f i c a t i o n s  w i t h o u t  implying that the a b s o l u t e  
t r uth w a s  d e termined.
R E V I E W  OF L I T E R A T U R E
Increased e m p h a s i s  ha s  b e e n  p l a c e d  on the use of aerial 
imagery for forest m a p p i n g  an d  i n v e n t o r y  as c o s t s  of field 
s u r v e y s  h a v e  risen. T h i s  h a s  b e e n  p a r t i c u l a r l y  true for 
large an d  remote a r e a s  s u c h  as the w e s t e r n  U.S.. Canada, and 
the tropics. Aerial p h o t o g r a p h y ,  in p a r t i c u l a r ,  ha s  b e c o m e  
the m a i n s t a y  of m a n y  large i n v e n t o r y  projects. Most major  
timber c o m p a n i e s  r e g u l a r l y  a c q u i r e  aerial p h o t o g r a p h y  for 
use in mapping, inventory, and r e s o u r c e  i d e n t i f i c a t i o n  on 
lands u h i c h  they manage.
S i n c e  aerial p h o t o g r a p h s  form the b a s i s  for g r o u n d  
v e r i f i c a t i o n  of s a t e l l i t e  analysis, it is a p p r o p r i a t e  that 
this topic be c o v e r e d  in the re v i e w  of literature. Only 
a f t e r  the e s t a b l i s h m e n t  of c o n f i d e n c e  in p h o t o i n t e r p r e t a t i o n  
can we go on to e x a m i n e  how aerial imagery ca n  be u s e d  as a 
v e r i f i c a t i o n  m e d i u m  for s a t e l l i t e  d a t a  analysis. T h e  next 
B e c t i o n  is d e v o t e d  to a review of recent t r e n d s  in aerial 
p h o t o i n t e r p r e t a t i  on.
Aer i a 1 P h o t o i n t e r p r e t a t  ion 
A c o m m o n  use of aerial p h o t o g r a p h y  in fore s t r y  is for 
timber type mapping, u s u a l l y  i n v o l v i n g  r e c o g n i t i o n  of tree 
s p e c i e s  or c o m m u n i t i e s  b a s e d  on n u m e r o u s  f a c t o r s  including: 
c r o w n  shape, s t a n d  height, c a n o p y  texture, c o l o r  an d  tone, 
and p h y s i o g r a p h i c  position. In m o B t  i n t e r p r e t a t i o n  
projects, m o r e  than one of t h e s e  c h a r a c t e r i s t i c s  has been
7u B e d  to iden t i f y  s u c c e s s f u l l y  the s u b j e c t  trees. B l a c k -  
a n d - w h i t e  (BW). b l a c k - a n d - w h i t e  i n f r a r e d  (BIR). color, and 
c o l o r  infrared (CIR) p h o t o g r a p h y  h a v e  b e e n  s h o w n  to be 
useful for d i f f e r e n t  forest m a p p i n g  projects.
M i x e d  r e s u l t s  h a v e  b e e n  o b t a i n e d  for tropical forest 
tree i d e n t i f ication. S a y n - W i t t g e n s t e i n  et al. (1978) 
r e p o r t e d  the f e a s i b i l i t y  of i d e n t i f i c a t i o n  of IB timber 
s p e c i e s  on 1:A . 5 0 0 - s c a l e  c o l o r  film in Surinam. On the 
o t her hand. Tiwari (1975) s u g g e s t e d  that d i f f e r e n t i a t i o n  
m a d e  on the b a s i s  of c r o w n  c h a r a c t e r i s t i c s  in 1:5.O O O - s c a 1e 
BW film wa s  a d i s a d v a n t a g e o u s  technique. A p p a r e n t l y  c r o w n  
c o l o r  is an i m p ortant factor for i d e n t i f i c a t i o n  of 
s u b t r o p i c a l  and tropical b r o a d - l e a v e d  t r ees (Myers 1978a.b).
C r o w n  s h a p e  an d  b r a n c h i n g  h a bit a r e  the most c o m m o n  
a t t r i b u t e s  whi c h  ar e  a s s o c i a t e d  w i t h  timber s p e c i e s  
i d e n t i f i c a t i o n  on l a r g e - s c a l e  pho t o g r a p h y .  T h e s e 
c h a r a c t e r i s t i c s  h a v e  b e e n  p a r t i c u l a r l y  useful for c o n i f e r  
s p e c i e s  r e c o g n i t i o n  ( S a y n - W i t t g e n s t e i n  1978. E v a n s  et al. 
1985).
C o l o r  has e v e n  b e e n  U B e d  for d e t e c t i o n  of p h y s i o l o g i c a l  
c o n d i t i o n s  in trees. An e x a m p l e  is the work by L y o n s  and 
B u c k n e r  (1981). F o l i a r  n i t r o g e n  in lobl o l l y  p i n e  (P i n u s  
taeda L . ) was found to be p o s i t i v e l y  c o r r e l a t e d  to 
i n c r e a s i n g  g r e e n n e s s  in Munsell c o l o r  classes. Th e  a u t h o r s  
found that 1 : 10.0 0 0 - s c a l e  i m a g e r y  wa s  b e t t e r  s u i t e d  than 
1 : 2 0 . 0 0 0  and 1 : 3 0 . 0 0 0  s c a l e s  for this work.
6As p h o t o g r a p h i c  s c a l e s  d e crease* s o r e  d e p e n d e n c e  must 
be p l a c e d  on overall s t a n d  c h a r a c t e r i s t i c s  such as c a n o p y  
texture* tone or color, and forest c o m m u n i t y  s i t e 
p refe r e n c e .  E x a m p l e s  of u s e s  of t h ese a t t r i b u t e s  for forest 
c o m m u n i t y  d e l i n e a t i o n  c a n  be found in the u o r k s  by Hill and 
E v a n s  (1982) a n d  C a n n o n  and W i l i e r  (1974). B o t h  s t u d i e s  
u e r e  p e r f o r m e d  to i d e n t i f y  forest s u b d i v i s i o n s  on the 
c o m m u n i t y  level as s e e n  on m e d i u m -  and l a r g e - s c a l e  CIR 
photography. S t a n d  color, p h y s i o g r a p h i c  position, and 
c a n o p y  t e x t u r e  w e r e  key c h a r a c t e r i s t i c s  u s e d  in b o t h 
p r o j e c t s  for d e l i n e a t i o n  of h a r d u o o d  and c o n i f e r o u s  forest 
c o m muni t ies.
H u d s o n  (1984) d e s c r i b e d  the c h a r a c t e r i s t i c s  of 17 cov e r 
t y pes (13 forest types) in 1 : 2 4 . O O O - s c a 1e C I R  imagery 
a c q u i r e d  over Michigan. S t a n d  a t t r i b u t e s  and i n t e r p r e t e r  
f a m i l i a r i t y  u i t h  the e c o l o g y  an d  s i t e  p r e f e r e n c e s  of s p e c i e s  
u e r e  e m p hasized. B a l i c e  (1979) a l B O  s t r e s s e d  that k n o w l e d g e  
of r e l a t i o n s h i p s  of v e g e t a t i o n  to t o p o g r a p h i c  p o s i t i o n  uas 
i m p o r t a n t  for s u c c e s s f u l  i n t e r p r e t a t i o n  of forest h a b i t a t  
t y pes on col o r  and CI R  i m agery of Utah.
U h e n  c o lor films a r e  not a v a i lable. B I R  p h o t o g r a p h y  is 
a l m o s t  a l u a y s  p r e f e r r e d  over BW p a n c h r o m a t i c  ( N orthrop an d  
J o h n s o n  1970). An e x t e n s i v e  s t u d y  by Marshall and M e y e r  
(1978) d e m o n s t r a t e d  that field f o r e s t e r s  most o f t e n  c h o s e  
m e d i u m - s c a l e  (1:15.840) B I R  i m a g e r y  over s m a l l e r  ( 1 :31.680 
a n d  1:80.000) CIR. BW film at s c a l e s  s m a l l e r  than 1 : 2 4 . 0 0 0  
u a s  d e e m e d  u n a c c e p t a b l e  for the r e s o u r c e  m a n a g e m e n t
9a p p l i c a t i o n s  involved.
A v e r y  (1978) s u g g e s t e d  that i n t e r p r e t a t i o n  keys are 
d i f f i c u l t  to c o n s t r u c t  for s o u t h e r n  f o r e s t B  du e  to the 
h i g h l y  v a r i a b l e  n a t u r e  of s t a n d  c o m p o s i t i o n .  Yet J o h n s o n  
an d  S e l l m a n  <1974. 1977. 1979a.b) h a v e  p r o d u c e d  useful
i n t e r p r e t a t i o n  k e y s  for Alabama. D e s i g n e d  for use with BW 
p a n c h r o m a t i c  p h o t o g r a p h y ,  t h e s e  k e y s  ar e  h e a v i l y  d e p e n d e n t  
on t o p o g r a p h i c  c r i t e r i a  for r e c o g n i t i o n  of forest c o v e r  
types.
S m a l l - s c a l e  aerial p h o t o g r a p h y  is well s u i t e d  for use 
in e v a l u a t i o n  of L a n d s a t  imagery int e r p r e t a t i o n s .  Good CIR 
p h o t o g r a p h s  of s c a l e s  from 1 : 4 0 . 0 0 0  to 1 : 1 3 0 . 0 0 0  offer 
l a r g e - a r e a  c o v e r a g e  w i t h  e n o u g h  detail to i d e n t i f y  maj o r 
f orest c o m m u n i t i e s  w h i c h  can be s e e n  in s a t e l l i t e  imagery. 
T h e  s a m e  i n f o r m a t i o n  on m e d i u m - s c a l e  p h o t o g r a p h s  c a n  o f t e n 
be i n t e r p r e t e d  on s m a l l - s c a l e  p h o t o g r a p h s  with only a slight 
d e c r e a s e  in a c c u r a c y  (U1liman a n d  M e y e r  1971).
N i e l s o n  and W i g h t m a n  (1971). T h i e  <1972). and more 
recently. E v ans et al. <1985). h a v e  all s h o w n  that b r o a d  
forest c l a s s i f i c a t i o n  and s o m e  s p e c i e s  an d  c o m m u n i t y  
d i f f e r e n t i a t i o n  is p o s s i b l e  by i n t e r p r e t a t i o n  of s m a l l - s c a l e  
aerial p h o t o g r a p h y .  E v a n s  et al. (1985). in p a r ticular, 
u s e d  1:12.000 a n d  1 : 5 8 . 0 0 0 - s c a l e  C I R  i m a gery to p r o d u c e  the 
f orest type m a p s  of s e l e c t e d  p a r t B  of the a r e a  s t u d i e d  for 
this project. An a p p r o x i m a t e  a g r e e m e n t  b e t w e e n  field p l o t s 
a nd i n t e r p r e t e d  r e s u l t s  of 89 p e r c e n t  w a s  obtained. Actual 
c o m p a r i s o n s  of L a n d s a t  a n a l y s i s  to aerial p h o t o g r a p h y
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i n t e r p r e t a t i o n  and g r o u n d  i n f o r m a t i o n  are g i v e n  in the next 
s e c t i o n  of this report.
P h o t o g r a p h i c  Veri fica t i o n  of L a n d s a t  R e s u l t s
A s u b s t a n t i a l  n u m b e r  of p u b l i s h e d  u o r k s  on L a n d s a t  
a n a l y s i s  h a v e  i n c l u d e d  d e s c r i p t i o n s  of t e c h n i q u e s  u h i c h  
i n c o r p o r a t e d  s o m e  form of aerial p h o t o g r a p h y  for g r o u n d  
v e r i f i c a t i o n .  F i e l d  s i t e  e v a l u a t i o n  is o f ten d i s c u s s e d  
s e p a r a t e l y  or in c o m b i n a t i o n  w i t h  aerial p h o t o g r a p h y  
a n a l y s i s  of g r o u n d  condi t i o n s .
J o y c e  (1978) s u g g e s t e d  that CIR imagery taken w i t h i n  
five y e a r s  of the L a n d s a t  image is u s u a l l y  a d e q u a t e  for 
g r o u n d  t r uth planning, a d d i n g  that field p e rsonnel familiar 
w i t h  the s t u d y  a r e a  c o u l d  d e l i n e a t e  v e r i f i c a t i o n - t r a i n i n g  
s i t e s  on p h o t o g r a p h y  w h i l e  in the office. Head and S z a j g i n  
(1981) s t a t e d  that aerial p h o t o g r a p h s  s h o u l d  be g r o u n d  
t r u t h e d  if they a r e  to be u s e d  for v e r i f i c a t i o n  of L a n d s a t  
c l a s s i f i c a t i o n s .  R e f e r e n c e  s i t e s  s h o u l d  be d i s t r i b u t e d  
t h r o u g h o u t  the s c e n e  (or d a t a  set) and all cov e r  t y p e s  and 
t r a n s i t i o n s  s h o u l d  be represented. The a u t h o r s  p o i n t e d  out 
t hat t h e r e  u e r e  no national s t a n d a r d s  for thematic map 
a c c u r a c y  to rely on for c o m p a r i s o n s  of a c c e p t a b i l i t y  of 
final products.
Aerial p h o t o g r a p h y  an d  field c h e c k s  for g r o u n d  t r uth 
h a v e  b e e n  u s e d  in n u m e r o u s  p r o j e c t s  (Aldrich et al. 1975. 
K a l e n s k y  and Scherk 1975. D o w n s  et al. 1977. h e a d  and Mey e r 
1977. C r a i g h e a d  et al. 1982. V a l s h  1980). T h e s e  s t u d i e s  
e m p h a s i z e d  a c c u r a c y  of the L a n d s a t  c l a s s i f i c a t i o n  c o m p a r e d
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to e v a l u a t i o n s  of aerial p h o t o g r a p h s  and field checks. Yet
few of s u c h  s t u d i e s  g i v e  an y  i n d i c a t i o n  of the v a l i d i t y  of
the p h o t o i n t e r p r e t e d  g r o u n d  t r u t h  information.
S o m e  i n v e s t i g a t o r s  may h a v e  r e a l i z e d  that s t a t e m e n t s  of 
a c c u r a c y  as a b s o l u t e  u e r e  g e n e r a l l y  i n a p p r o p r i a t e  u h e n  test 
p r o c e d u r e s  uere c o n s i d e r e d .  For example. H a r d i n g  a n d  S c ott 
(1978) r e p o r t e d  c o r r e l a t i o n s  b e t u e e n  aerial 
p h o t o i n t e r p r e t a t i o n s  a n d  L a n d s a t  manual an d  digital
analysis. Such r e p o r t e d  f i n d i n g s  p l a c e  aerial
i n t e r p r e t a t i o n  f i n d i n g s  in a b e t t e r  p e r s p e c t i v e  as c o m p a r e d  
to L a n d s a t  c l a s s i f i c a t i o n s .  A b s o l u t e  a c c u r a c y  is not 
i m p lied for e i t h e r  kind of i m agery analysis. Q u i r k  and 
S c a r p a c e  (1982) c o m p a r e d  d i g i t a l l y  and m a n u a l l y  i n t e r p r e t e d  
CI R  p h o t o g r a p h y  to L a n d s a t  MS S  by use of c h i - s q u a r e  
analysis. They did not imply that the c o m p a r i s o n s  u e r e  in 
a n y  uay e s t i m a t e s  of actual a c c u r a c y  of i n t e r p r e t a t i o n  of 
e i t h e r  type of imagery. B o n n e r  et al. (1982) g a v e  L a n d s a t  
c l a s s i f i c a t i o n  a c c u r a c i e s  of 54 to 73 p e r c e n t  but n o t e d  this 
ua s  o n l y  reported u n d e r  the a s s u m p t i o n  that the 
p h o t o i n t e r p r e t e d  g r o u n d  tru t h  u a s  correct.
In s o m e  c a s e s  (Kirby 1974. N e l s o n  et al. 1984). g r o u n d  
r e f e r e n c e  m a p s  u e r e  p r o d u c e d  and c h e c k e d  p r i o r  to the 
L a n d s a t  t r a i n i n g  a n d  c l a s s i f i c a t i o n .  T h e  other e x t r e m e  is a 
total d e p e n d e n c e  on aerial p h o t o g r a p h y  and e x i s t i n g  m a p s  to 
the e x c l u s i o n  of a n y  field d a t a  for g r o u n d  v e r i f i c a t i o n  
(Bryant et al. 1976. I960. D o d g e  an d  B r y a n t  1976). T h e
latter p r o j e c t s  u e r e  p e r f o r m e d  to s h o u  ho u  L a n d s a t  data
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c o u l d  be c o s t - e f f e c t i v e l y  a n a l y z e d  with little or no g r o u n d  
truth.
Typical a t t e m p t s  at c l a s s i f i c a t i o n  of L a n d s a t  M S S  in 
the e a r l y - t o - m i d  1 9 7 0 ’s i n v o l v e d  s u p e r v i s e d  t r a i n i n g  
s t a t i s t i c s  u h i c h  u e r e  d e r i v e d  from field- and p h o t o ­
i d e n t i f i e d  t r a i n i n g  s a m p l e s  (Aldrich et al. 1975. K a l e n s k y  
an d  S c h e r k  1975. M e a d  a n d  M e yer 1977). C o n t r o l l e d  
c l u s t e r i n g  (within t r a i n i n g  samples) b e c a m e  a p o p u l a r  
t e c h n i q u e  in the late 1 9 7 0 ’s and 1 9 8 0 ’s to d e v e l o p  t r a i n i n g  
s t a t i s t i c s  (Bonner 1980. W a l s h  1980). C l u s t e r i n g  is 
t h e o r e t i c a l l y  a b e t t e r  s t a t i s t i c a l  a p p r o a c h  s i n c e  it 
i d e n t i f i e s  natural spectral g r o u p s  w i t h i n  data. In these 
t yp e s  of projects, however, the c l u s t e r  c l a s s e s  must be 
l a b e l l e d  a f t e r - t h e - f a c t  b a s e d  on s i m i l a r i t i e s  to p h otograph, 
map. an d  g r o u n d  f e a t u r e s  (Birdsey et al. 1984. M a y e r  et al. 
1979). C l u s t e r  l a b e l s  ar e  o f ten d e c i d e d  on the b a s i s  of the 
b est c l a s s i f i c a t i o n  a p p r o a c h ;  n a m e s  ar e  g i v e n  to c l u s t e r  
c l a s s e s  in ord e r  to m a x i m i z e  accuracy. T h i s  p r o c e d u r e  may 
p r o d u c e  g o o d  s p e c t r a l  c l a s s  d e f i n i t i o n s  u h i c h  ar e  o t h e r w i s e  
m e a n i n g l e s s  as useful c l a s s e s  for timber manag e m e n t .  
Fur t h e r m o r e ,  the c l a s s  d e f i n i t i o n s  on an y  d e t a i l e d  level are 
o f t e n  not t r a n s l a t a b l e  to o t her d a t a  s e t s  du e  to the 
c h a n g i n g  n a t u r e  of v e g e t a t i o n  r e f l e c t a n c e  at d i f f e r e n t  times 
of the year.
A g r e e m e n t  Eva 1uati on
I r r e g a r d l e s s  of the type of g r o u n d  v e r i f i c a t i o n ,  s o m e  
form of a g r e e m e n t  t e s t i n g  m u s t  be d e r i v e d  for m o s t  remote
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s e n s i n g  p r o j e c t s  u h i c h  u t i l i z e  L a n d s a t  data. Of all the 
t e c h n i q u e s  proposed, the m o s t  c o m m o n  m e t h o d  of L a n d s a t  
e v a l u a t i o n  is still b a s e d  on the e r r o r  m a t r i x  or c o n f u s i o n  
tab l e  (Mead and M e yer 1977, W a l s h  1980). However, d i f f e r e n t  
s a m p l i n g  m e t h o d s  for e r r o r  d e t e r m i n a t i o n s  h a v e  been 
reported.
A l d r i c h  et al. (1975) c h e c k e d  the a c c u r a c y  of L a n d s a t  
c l a s s i f i c a t i o n s  in two fashions. Th e  first u a s  a 
d e t e r m i n a t i o n  of total a r e a  a t t r i b u t e d  to e a c h  L a n d s a t  
land - u s e  c l a s s  as c o m p a r e d  to k n own c l a s s  areas. T h e  s e c o n d  
wa s  a p o i n t - b y - p o i n t  c h e c k  of p i x e l s  in each class. Mead 
an d  M e y e r  (1977) e v a l u a t e d  the pixel a c c u r a c y  of t r a i n i n g  
areas, new test sites, and p i x e l s  a l o n g  r a n d o m l y  s e l e c t e d  
transects. B a s e d  on their findings, the a u t h o r s  d o u b t e d  
that useful l a n d - c o v e r  m a p s  c o u l d  be m a d e  w i t h  L a n d s a t  data.
G e n d e r e n  et al. (1977) d e v i s e d  a m e t h o d  by w h i c h  
r e s e a r c h e r s  s e l e c t  the most a p p r o p r i a t e  m i n i m u m  s a m p l e  size 
for e a c h  land-use c l a s s  to be tested for a g r e ement. This 
p r o c e d u r e  a n s w e r s  a s p e c t s  of s a m p l i n g  s u c h  as the 
p r o b a b i l i t y  of m a k i n g  i n c o r r e c t  i n t e r p r e t a t i o n s  at 
p r e s c r i b e d  a c c u r a c y  l e v e l s  b a s e d  on a c e r t a i n  n u m b e r  of 
e r r o r s  for e a c h  s a m p l e  size. S a m p l e  s i z e s  e x t r a c t e d  from 
t a b l e s  u e r e  the m i n i m u m  (based on p r o b a b i l i t y  of error) 
s i n c e  an y  s m a l l e r  s a m p l e  w o u l d  g i v e  e r r o r - f r e e  r e s u l t s  due 
o n l y  to chance. T h i s  technique, like the one g i v e n  by 
R o s e n f i e l d  et al. (1982), was b a s e d  on the c u m u l a t i v e  
binomial distrib u t i o n .
F u r t h e r  r e f i n e m e n t s  of a c c u r a c y  e s t i m a t e s  a r e  g i v e n  by 
C a r d  (1982) an d  K a l e n s k y  an d  S c h e r k  (1975). C a r d  (1982) 
u s e d  true m a p  c a t e g o r y  f r e q u e n c i e s  to i m p r o v e  e s t i m a t e s  of 
p r o p o r t i o n a l  c o r r e c t n e s s  for e a c h  m a p  category. K a l e n s k y  
a n d  S c h e r k  (1975) d e v e l o p e d  a m e t h o d  to e v a l u a t e  c o n f u s i o n  
ta b l e s  for ma p  ac c u r a c y .  In s t a n d a r d  e v a l u a t i o n s  of 
c o n f u s i o n  tables, o n l y  s i m p l e  a g r e e m e n t  is reported. T h i s  
is d e f i n e d  as the s u m  of the c o r r e c t l y  c l a s s i f i e d  p i x e l s  
d i v i d e d  by the total p i x e l B  and e x p r e s s e d  as a p e r c e n t a g e .  
S i m p l e  a g r e e m e n t  d o e s  not take into a c c o u n t  d i s p l a c e m e n t  
e r r o r s  of c l a s s  b o u n d a r i e s  s i n c e  o m i s s i o n  and c o m m i s s i o n  
e r r o r s  b a l a n c e  out. A p r o p o r t i o n a l l y  w e i g h t e d  a g r e e m e n t  
d e t e r m i n a t i o n  w h i c h  a c c o u n t s  for b o u n d a r y  p l a c e m e n t  e r r o r s  
w a s  g i v e n  by the authors.
From these b a sic d e s c r i p t i o n s  of v e r i f i c a t i o n  
t e c hniques, we can p r o c e e d  to the s e c t i o n s  on 
a c c o m p l i s h m e n t s  of aerial a n d  L a n d s a t  MSS a n a l y s i s  for 
forest mapping. T h e r e  is an e x t e n s i v e  a m o u n t  of lite r a r y  
i n f o r m a t i o n  on t h e s e  s u bjects, all of u h i c h  c o u l d  not be 
c o v e r e d  in this report. However, the f o l l o w i n g  d i s c u s s i o n  
is a r e p r e s e n t i t i v e  c r o s s - s e c t i o n  of forest r e c o g n i t i o n  and 
m a p p i n g  p r o jects.
Aerial M S S  A n a l v s i s
S o m e  of the first e x p e r i m e n t s  in the use of M S S  (Lowe 
et al. 1965. H o f f e r  1967) w e r e  p e r f o r m e d  to e v a l u a t e  the 
p o t e n t i a l  use of the d a t a  for v e g e t a t i o n  m a p p i n g  (Colwell 
1983). MoBt of this e a r l y  work u a s  p e r f o r m e d  on
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a g r i c u l t u r a l  lands. However, s o m e  work u a s  d i r e c t e d  tow a r d  
forestry a p p l i c a t i o n s ,  in p a r t i c u l a r ,  tree s p e c i e s  or type 
d i s c r i m i n a t i o n .  On a g e neral level. S m e d e s  et al. (1970) 
UBed c o m p u t e r  c l a s s i f i c a t i o n  to m a p  e i g h t  v e g e t a t i o n - t e r r a i n  
c l a s s e s  in Y e l l o u s t o n e  National Park. Th e  m a p p i n g  a c c u r a c y  
r epo r t e d  was h i g h e r  than 80 p e r c e n t  overall.
S u c c e s s f u l  r e c o g n i t i o n  of c o n i f e r s  and h a r d w o o d s  uas 
d e m o n s t r a t e d  by R o h d e  and O l s o n  (1972) and Cogges h a l l  and 
Ho f f e r  (1973). R o h d e  and O l s o n  (1972) u s e d  l a b o r a t o r y  
r e f l e c t a n c e  d a t a  to d e t e r m i n e  si x  c h a n n e l s  (bands) of 
re f l e c t i v e  d a t a  for u s e  in their study. T h e y  u e r e  a b l e  to 
d i s c r i m i n a t e  b e t u e e n  five h a r d w o o d  and two c o n i f e r  t y p e s  in 
aerial MSS data. T h e  a u t h o r s  r e p o r t e d  an overall a c c u r a c y  
of 85 p e r c e n t  for s e p a r a t i o n  of all species. Co g g e s h a l l  
a n d  H o f f e r  (1973) s t u d i e d  d a t a  from the s a m e  type of M S S  as 
U Bed by R o h d e  and O l s o n  (1972). C l a s s i f i c a t i o n  p e r f o r m a n c e  
of the former s t u d y  ua s  95 p e r c e n t  a n d  incl u d e d  s e p a r a t i o n  
of d e c i d u o u s  from c o n i f e r o u s  trees. C o g g e B h a l l  and H o f f e r  
(1973) i n dicated that at least one visible, a n d  e i t h e r  a 
n e a r -  or m i d - l R  band, w e r e  n e e d e d  to m a p  forest t y p e s  and 
s p e c t r a l l y  s e p a r a t e  forest from o t h e r  vegetation.
E a r l y  studies, s u c h  as t h ose r e p o r t e d  above, formed the 
b a s i s  on u h i c h  the L a n d s a t  M S S  an d  T M  s c a n n e r s  uere 
designed. M a n y  of the s e  first w o r k s  d e m o n s t r a t e d  the u s e  of 
s t a t i s t i c a l  c l a s s i f i c a t i o n  t e c h n i q u e s  u h i c h  a r e  c o m m o n l y  
used today. Th e  e s s e n c e  of k n o w n  u s e f u l n e s s  of L a n d s a t  for 
forest a n a l y s i s  is g i v e n  in the next two s e c t i o n s  (Land'sat
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M S S  Data for Forest A n a l y s i s ;  T M S  a n d  TM Analysis).
L a n d s a t  M S S  D a t a  for F o r e s t  A n a l v s i s
F o r e s t r y  r e s e a r c h  with L a n d s a t  d a t a  has p r i m a r i l y  been 
t a r g e t e d  to general c o v e r - t y p e  m a p p i n g  applica t i o n s .
S t u d i e s  u e r e  d e s i g n e d  i n i t i a l l y  to test ho u  uell L a n d s a t  
images c o u l d  be p h o t o  interpreted. A l d r e d  (1974) had 
d i f f e r e n t  o p e r a t o r s  int e r p r e t  s i m p l e -  and c o m p o s i t e - b a n d  
t r a n s p a r e n c i e s  for forest f e a ture d e l i n e a t i o n  of the L a r o s e  
F o r e s t  in Canada. G r o u n d  s u r v e y s  an d  i n t e r p r e t a t i o n s  of 
1 : 7 0 * O O O - s c a 1e CIR aerial p h o t o g r a p h y  u e r e  u s e d  to teBt the 
map products. A c c u r a c i e s  u e r e  lou in all c a s e s  and no 
a c c o u n t i n g  for map p o s i t i o n  e r r o r s  u a s  given. K a l e n s k y  and 
S a y n - W i t t g e n s t e i n  (1974) e v a l u a t e d  p h o t o g r a p h i c  an d  digital 
d a t a  of the s a m e  area whi c h  A l d r e d  studied. T h e y  c o n c l u d e d  
that p h o t o g r a p h i c  film is a good d i s p l a y  medium* but the 
digital d a t a  a l l o w e d  us e  of the original r e f l e c t a n c e  
i n f o r m a t i o n  in v o l u m e s  u h i c h  far e x c e e d  the visual 
c a p a b i l i t i e s  of h u m a n  interpreters.
Easic p h o t o i n t e r p r e t a t i o n  m e t h o d s  u e r e  te s t e d  on 
L a n d B a t  i m agery of th e  S a m  H o u s t o n  National Forest. Texas, 
by H e a t h  (1974). F o u r t e e n  c l a s s e s  u e r e  m a p p e d  uith an 
overall a c c u r a c y  of 7 4  percent. H e l l e r  (1975) c o n c u r r e d  
u i t h  H e a t h  that c l a s s i f i c a t i o n  of L a n d s a t  M S S  d a t a  c a n  be 
d o n e  most e f f e c t i v e l y  by c o m p u t e r  analysis. However* H e l l e r  
a l s o  s t a t e d  that for h i B  project* L a n d s a t  
p h o t o i n t e r p r e t a t i o n  p r o d u c e d  a c c u r a c i e s  equal to that of 
digital analysis.
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O p e r a t i o n a l  U B e  of L a n d s a t  M S S  d a t a  can be s u m m e d  up as 
r e a s o n a b l y  a c c u r a t e  for f o r e s t / n o n - f o r e s t  mapping* but is 
of ten u n a c c e p t a b l e  for m o r e  d e t a i l e d  c l a s s i f i c a t i o n  
(deSt e i g u e r  1978. S a y n - W i t t g e n B t e i n  1977* S a y n - W i t t g e n s t e i n  
and W i g h t m a n  1975). E x a m p l e s  of v a r y i n g  r e s u l t s  in forest 
a n a l y s i s  u i t h  L a n d s a t  MS S  a r e  g i v e n  in the s e c t i o n s  u h i c h  
follou.
F o r e s t  C o v e r  T y p e  and S p e c i e a  R e c o g n i t i o n
S o m e  p r o j e c t s  in forest m a p p i n g  h a v e  b e e n  p e r f o r m e d  on 
C a n a d i a n  s t u d y  areas. J o b i n  a n d  B e a u b i e n  (1973) i d e n t i f i e d  
14 m a p p i n g  units* u h i c h  i n c l u d e d  insect damage, h e a l t h y  
trees* b u r n e d  areas, a n d  cut over* on A n t i c o s t i  Island. 
B e a u b i e n  (1979) u s e d  digital a n a l y s i s  t e c h n i q u e s  to iden t i f y  
11 c o v e r  c l a s s e s  on A n t i c o s t i  Island and s t u d y  s i t e s  on the 
L a u r e n t i a n  Plateau. Digital e n h a n c e m e n t  by p r i n c i p a l -  
c o m p o n e n t s  a n a l y s i s  u a s  d e e m e d  e q u i v a l e n t  to c l a s s i f i c a t i o n  
for i d e n t i f i c a t i o n  of forest features. N a p  a c c u r a c y  u a s  not 
e v a l u a t e d  but t - t e s t s  u e r e  u s e d  to d e t e r m i n e  the c o n s i s t e n c y  
of the a n a l y s i s  t e c h n i q u e s  U B e d  on e a c h  of the B t u d y  areas.
K i r b y  (1974) a n d  P a l a  an d  Jano (1981) e m p h a s i s e d  the 
n e e d  for m o r e  than o n e  s e a s o n  of i m a g e r y  to o b t a i n  good 
m a p p i n g  r e s u l t s  in boreal forests. B o t h  s t u d i e s  i n d i c a t e d  
that h a r d u o o d s  u e r e  b e t t e r  s e p a r a t e d  from c o n i f e r s  in s u m m e r  
s c e n e s  u h i l e  w i n t e r  s c e n e s  s h o u e d  b e t t e r  c o n t r a s t s  a m o n g  
c o n i f e r  species.
h e a d  and M e y e r  (1977) p a i n t e d  a s o m e u h a t  g l o o m y  p i c t u r e  
of e x p e c t e d  r e s u l t s  on e  c o u l d  o b t a i n  from L a n d s a t  MSS
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a n a l y s i s  for f o r e s t r y  a p p l i c a t i o n s .  However, several of the 
c a t e g o r i e s  w h i c h  they a t t e m p t e d  to i d e n t i f y  (for example. 
Urban) may h a v e  r e p r e s e n t e d  s p e c t r a l l y  n o n - h o m o g e n e o u s  
f e a t u r e s  w h i c h  c o u l d  not h a v e  b e e n  c o r r e c t l y  i d e n t i f i e d  
u n d e r  a n y  c i r c u m s t a n c e s .  Level II ( A n derson et al. 1976) 
c l a s s i f i c a t i o n s  ( c o n i f e r - h a r d w o o d  s e p a r a t i o n )  h a v e  been 
p e r f o r m e d  s u c c e s s f u l l y  in several p r o j e c t s  (examples: D o d g e  
an d  B r y a n t  1976. H o f f e r  and s t aff 1975. K a n  a n d  W e b e r  1978). 
A c c u r a c i e s  of 90 p e r c e n t  or b e t t e r  h a v e  b e e n  repo r t e d  
(Hoffer and sta f f  1975. Kan and W e b e r  1976). B r y a n t  et al.
(1978) m a p p e d  softwood, mixed, an d  h a r d w o o d  forest c l a s s e s  
to w i t h i n  5 p e r c e n t  a g r e e m e n t  of i n t e r p r e t a t i o n  of aerial 
p h o t o g r a p h y  of a n o r t h e r n  M a i n e  s t u d y  area.
R e p o r t e d  a c c u r a c i e s  for Level III (Anderson et al.
1976) c l a s s i f i c a t i o n s  ar e  i n v a r i a b l y  lower than for Level II 
results. For instance. Cart m i l l  (1974) r e p o r t e d  an a c c u r a c y  
of 75 p e r c e n t  for c l a s s i f i c a t i o n  of c o v e r  t y pes in the 
A t c h a f a l a y a  R i v e r  B a s i n  in Louisi a n a .  P r incipal forest 
types i d e n t i f i e d  w e r e  c y p r e s s - t u p e l o  (T a x o d i u m  d i s t i c h u m  
( L . ) Rich. - NvBBa a o u a t i c a  L . ). w i l l o w  (S a l i x  n i g r a  
Harsh.), m i x e d  b o t t o m l a n d  forest, an d  s c r u b b y  vegetation.
A p p a r e n t l y  the low a c c u r a c i e s  r e p o r t e d  from e a r l i e r  
s t u d i e s  h a v e  b e e n  s o m e w h a t  i m p r o v e d  over time. Hig h e r  
a c c u r a c i e s  for tim b e r  m a p p i n g  h a v e  m o r e  o f t e n  b e e n  r e p o r t e d  
for n o r t h e r n  an d  w e s t e r n  r e g i o n s  than for s o u t h e r n  a r e a s  of 
the country. E x a m p l e s  of m o r e  s u c c e s s f u l  p r o j e c t s  are 
d i s c u s s e d  below.
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V a l s h  (1980) uas a b l e  to i d e n t i f y  s e v e n  c l a s s e s  of 
c o n i f e r  tree s p e c i e s  u i t h  an a v e r a g e  a g r e e m e n t  of 8 8 . 8  
p e r c e n t  to d e t a i l e d  g r o u n d  information. C o n t r o l l e d  
c l u s t e r i n g  t e c h n i q u e s  u e r e  u s e d  to c l a s s i f y  the L a n d s a t  data 
u s e d  in the study. S i m i l a r  t e c h n i q u e s  uere u s e d  for 
d e t a i l e d  s t u d i e s  of the M c C l o u d  R a n g e r  District. S h a s t a -  
T r i n i t y  Nati o n a l  F o r e s t  (Fox et al. 1983. Mayer a n d  Fox 
1981). G u i d e d  c l u s t e r i n g  ua s  used to g e n e r a t e  the spectral 
s i g n a t u r e s  used for c l a s s i f i c a t i o n .  Four c o n i f e r  types, tuo 
stocking, and tuo s i z e  c l a s s e s  u e r e  d i s t i n g u i s h e d  in t h e s e  
studies. The a c c u r a c y  by s i z e  c l a s s  an d  s t o c k i n g  ua s  83 
p e r c e n t  u h i l e  a c c u r a c y  for timber t y p e s  ua s  88 p e r c e n t  
overall. Fox et al. (1983) i n d i c a t e d  that an o p e r a t i o n a l  
L a n d s a t  m a p p i n g  p r o g r a m  for the s t u d y  a r e a  u o u l d  g i v e  a 
s a v i n g s  of from $0.51 to $ 0 . 9 5  per a c r e  over c u r r e n t  m a p p i n g  
costs.
A n o t h e r  p r o j e c t  p e r f o r m e d  in the n o r t h u e s t e r n  U.S. uas 
d e s c r i b e d  by C r a i g h e a d  et al. (1982). T h e y  used an 
" e c o s p e c t r a l " c l a s s i f i c a t i o n  s y s t e m  for a n a l y s i s  of u i l d l i f e  
h a b i t a t s  in Montana. Th e  a u t h o r s  r e p o r t e d  an a c c u r a c y  of 89 
p e r c e n t  b a sed on a n a l y s i s  of L a n d B a t  d a t a  uith 
p a r a l l e l e p i p e d  c l a s s i f i c a t i o n  techniques. S u c c e s s f u l  
p r o j e c t s  s i m i l a r  to tho s e  d i s c u s s e d  a b o v e  h a v e  a l s o  b e e n  
p e r f o r m e d  on s t u d y  a r e a B  in M i c h i g a n  (Franklin et al. 1983) 
an d  central Ne u  York (Menon and H o p k i n s  1984).
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L a r g e  A r e a  Mappi ng and F o r e s t  I n v entorv
For the most part. d i s c u s s i o n  in this report has been 
a d d r e s s e d  to s p e c i e s  and forest type recognition. Du e  to 
the n a t u r e  of these data, it s e e m s  e q u a l l y  a p p r o p r i a t e  that 
p r o j e c t s  B h o u l d  u t i l i z e  L a n d s a t  d a t a  for large forest 
i n v e n t o r y  an d  g e neral m a p p i n g  purposes. T h i s  s e c t i o n  is a 
b r i e f  re v i e u  of s u c h  u s e s  u h i c h  h a v e  b e e n  d e m o n s t r a t e d .
L a n d s a t  d a t a  h a v e  b e e n  u s e d  to p r o d u c e  m a p s  of large 
a r e a s  to i d e n t i f y  the total forest coverage. Te n  L a n d s a t  
images u e r e  p r o c e s s e d  d i g i t a l l y  and m e r g e d  to d e p i c t  all 
fore s t e d  lands in P e n n s y l v a n i a  (Russo and S t a u f f e r  1983). 
T h i s  ma p  ua s  p r o d u c e d  u i t h  d a t a  from the s u m m e r  season, a 
t i m e  in u h i c h  little insect d e f o l i a t i o n  of t r ees is present. 
Th e  key to the p r o j e c t  uas to p r o v i d e  a b a s e  map u i t h  u h ich  
d e f o l i a t i o n  e v i d e n c e d  in other imagery c o u l d  be compared.
Work is u n d e r w a y  on a s o u t h - u i d e  s e r i e s  of forest 
h a b i t a t  m a p s  b a s e d  on 1 : 1 > 0 0 0 . 0 0 0 - s c a l e  L a n d s a t  imagery. 
L a n d B a t  MS S  images h a v e  been used for p h o t o m o r p h i c  
i d e n t i f i c a t i o n  of p h y s i o g r a p h i c  s u b d i v i s i o n s  in L o u i s i a n a  
(Evans et al. 1983a.b. E v a n s  a n d  B u r n s  1984). A 
p h y s i o g r a p h i c  B i t e  c l a s s i f i c a t i o n  and ma p  for A l a b a m a  and 
M i s s i s s i p p i  uas p r o d u c e d  by H o d g k i n s  et al. (1976); the 
a c c o m p a n y i n g  b u l l e t i n  u a s  later p u b l i s h e d  by H o d g k i n s  et al.
(1979). O t h e r  s t a t e s  k n oun to h a v e  m a d e  e f f o r t s  touard  
s t a t e  forest h a b i t a t  m a p  p r e p a r a t i o n  ar e  Georgia. N o r t h  
Carolina. S o u t h  Carolina. Tennes s e e ,  an d  T e x a s  (Evans et al. 
1983b). '
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For e s t  i n v e n t o r i e s  s e e m  to be ideally s u i t e d  for the 
l a r g e - a r e a  c o v e r a g e  of L a n d s a t  d a t a  sets. M u l t i s t a g e  
i n v e n t o r y  t e c h n i q u e s  h a v e  b e e n  ueed in the w e s t e r n  U.S. 
(Anderson 1979. H a r d i n g  a n d  S c ott 1978. T i t u s  et al. 1975). 
a n d  m o r e  r e c e n t l y  in S o u t h  C a r o l i n a  (Gering an d  S h a i n  1983) 
a n d  P u e r t o  Rico (Birdsey et al. 1984). All of the a b o v e  
p r o j e c t s  used L a n d s a t  M S S  d a t a  p r i m a r i l y  as a s t r a t i f i c a t i o n  
m e d i u m  to s u b d i v i d e  forest a r e a s  into r e g ions w h i c h  c o u l d  be 
m e a n i n g f u l l y  s a m p l e d  w i t h  aerial p h o t o g r a p h y  a n d  g r o u n d -  
s u r v e y  plots.
On e  of the p r i m a r y  g o a l s  of i n v e n t o r y  work is to 
a c t u a l l y  c o m b i n e  L a n d s a t  and other s o u r c e s  of d a t a  into 
G e o g r a p h i c  I n f o r m a t i o n  S y s t e m s  (GIS) for l a r g e - a r e a  forest 
s u r v e y s  (Langley 1981). H u d s o n  and K i t t l e s o n  (1978) c r e a t e d  
a G I S  b a s e d  on a 1 0 -acre g r i d  cell (pixel) for four c o u n t i e s  
in central Michigan. T h e y  i n c o r p o r a t e d  soil types. Blope.
p o litical boun d a r i e s ,  a n d  n i n e  forest c o v e r  types into the 
GIS. L a n d s a t  d a t a  an d  C I R  p h o t o g r a p h y  w e r e  u s e d  to q u a n t i f y  
the a r e a  of e a c h  c o v e r  type. T h e  L a n d s a t  d a t a  w e r e  also 
u s e d  to u p d a t e  e x i s t i n g  1966 forest s u r v e y  d a t a  not c o v e r e d  
by the aerial p h o t o g r a p h y  u s e d  for the project.
B a r k e r  (1982) d e s c r i b e d  the G I S  c o n s t r u c t e d  for 
C h a m p i o n  International (formerly St. Regis) Co. T h i s  s y s t e m  
U B e s  L a n d s a t  d a t a  for c h a n g e  d e t e c t i o n  and p r e s t r a t i f i c a t i o n  
of forest lands for m o r e  d e t a i l e d  analysis. T h e  s y s t e m  
d e s c r i b e d  by the a u t h o r  is a good e x a m p l e  of the o p erational 
u s e  of L a n d s a t  d a t a  a n d  G I S  t e c h n o l o g y  for forest m a n a g e m e n t
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and r e s o u r c e  a s s e s s m e n t .
T M S  and TM Anal v s i s
L i m i t a t i o n s  of th e  L a n d s a t  M S S  s y s t e m  led to 
e x p e r i m e n t a t i o n  u i t h  the T h e m a t i c  M a p p e r  S i m u l a t o r  (TMS) 
s e n s o r  a n d  final d e v e l o p m e n t  of the L a n d s a t  TM. T h e  TM ua s  
d e s i g n e d  on the b a s i s  of the t e c h n o l o g y  d e m o n s t r a t e d  by the 
M S S  but had m a r k e d  i m p r o v e m e n t s  in spatial, spectral, and 
q u a n t i z a t i o n  r e s o l u t i o n s  (NASA 1982). L a n d s a t  4 c a r r i e d  the 
first TM into o r bit in July 1982. an d  L a n d s a t  5 followed 
s h o r t l y  thereafter. B o t h  of t h e s e  s a t e l l i t e s  h a v e  a MSS 
s e n s o r  b o that MS S  an d  TM d a t a  c a n  be c o l l e c t e d  
s i m u l t a n e o u s l y .
T h e  TM ua s  p a t t e r n e d  a f t e r  the T M S  in that the spectral 
c h a n n e l s  and d a t a  r e s o l u t i o n  u e r e  the s a m e  for both sensors. 
Houever. TM S  d a t a  are o b t a i n e d  from a h i g h - a l t i t u d e  a i r c r a f t  
rather than a sa t e l l i t e .  P r e l i m i n a r y  r e s e a r c h  findings 
i n d i c a t e  that TM S  a n d  TM d a t a  uill be m o r e  useful for forest 
a n a l y s i s  than MSS.
A b a sic s t u d y  by L a t t y  an d  H o f f e r  (1980) u a s  p e r f o r m e d  
to d e t e r m i n e  the m o s t  useful TM b a n d s  for foreBt 
c l a s s i f i c a t i o n .  D a t a  over S o u t h  C a r o l i n a  u e r e  t r a i n e d  on 
and s t a t i s t i c a l l y  c l u s t e r e d .  P a i r u i s e  t r a n s f o r m e d  
d i v e r g e n c e  u a s  u s e d  to m e a s u r e  c l a s s  s e p a r a b i l i t y  u i t h  
d i f f e r e n t  channel (band) c o m b i n a t i o n s .  C h a n n e l s  3 (red; 
6 3 0 - 6 9 0  nm). 4 (IR; 7 6 0 - 9 0 0  nm). an d  5 (IRS 1 0 0 0 - 1 3 0 0  nm) 
u e r e  i n c l u d e d  in the b e s t  c o m b i n a t i o n s  of thr e e  or more 
channels.
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A n d e r s o n  an d  K a l c i c  (1982) s t u d i e d  T M S  d a t a  of the 
Pearl R i v e r  b a s i n  on the L o u i s i a n a - M i s s i s s i p p i  border, usi n g 
s u p e r v i s e d  and u n s u p e r v i B e d  (clustering) c l a s s i f i c a t i o n  
t e c h n i q u e s  to i d e n t i f y  e i g h t  c a t e g o r i e s  of land c o v e r  (three 
u e r e  forest c a t e g o r i e s ) .  A n a l y s i s  of v a r i a n c e  ua s  used to 
test d i f f e r e n c e s  in the c l a s s i f i c a t i o n s .  R e s u l t s  of the 
u n s u p e r v i s e d  t e c h n i q u e s  u e r e  not as s a t i s f a c t o r y  as the 
s u p e r v i s e d  c l a s s i f i c a t i o n  approach.
E x c e l l e n t  r e s u l t s  (as c o m p a r e d  to MSS) u e r e  o b t a i n e d  
for foreBt m a p p i n g  in n o r t h e r n  W i s c o n s i n  by L i l l e s a n d  et al. 
(1985). T h e y  o b t a i n e d  9 3  p e r c e n t  overall a n d  9 0  p e r c e n t  
a v e r a g e  c l a s s  a c c u r a c i e s  for an a r e a  u h i c h  included 
h a r d uoods. jack p i n e  (P. b a n k s i a n a  Lamb.), red p i n e  (P.. 
r e s m o s a  Ait.), l o u l a n d  conifers, and thr e e  levels of jack 
p i n e  d e f o l i a t i o n .  S i m i l a r  s p e c i e s  s e p a r a t i o n  u a s  o b t a i n e d  
by S h e n  et al. (1985) for T M S  a n a l y s i s  of a M i n n e s o t a  s t u d y 
area.
Not all T M S  p r o j e c t s  had f i n d i n g s  as p o s i t i v e  as those 
m e n t i o n e d  above. For instance. N e l B o n  et al. (1984) u e r e 
a b l e  to o b t a i n  only 58 p e r c e n t  a c c u r a c y  for 13 c l a s s e s  and 
6 5 p e r c e n t  for 10. Level II (Anderson et al. 1976) classes. 
T h e  T M S  i m agery they u s e d  uas floun in October; fall foliage 
c o l o r a t i o n  u a s  b l a m e d  for s o m e  of the c l a s s i f i c a t i o n  
d i f f i c u l t i e s .
B e n s o n  a n d  D e G l o r i a  (1985) e v a l u a t e d  L a n d s a t  4 TM and 
M S S  p h o t o g r a p h i c  p r o d u c t s  u h i c h  u e r e  d i g i t a l l y  enhanced.
T h e y  s t u d i e d  C a l i f o r n i a  c o v e r  types u h i c h  i n c l u d e d  h i g h -  and
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l o u - d e n s i t y  conifer, h a r d w o o d - c o n i f e r . hardwo o d s ,  brush, 
grass, b a r e  soil, a n d  rock. T h e  a v e r a g e  a c c u r a c y  for all 
i n t e r p r e t e r s  wa s  5 6 . 5  p e r c e n t  an d  the best i n t e r p r e t e r  
o b t a i n e d  only a 7 3 . 8  p e r c e n t  overall a c c uracy. Th e  a u t h o r s  
c o n c l u d e d  that M S S  c o l o r  c o m p o s i t e s  w e r e  a c t u a l l y  m o r e 
i n t e r p r e t a b l e  than TM for s o m e  c o v e r  types.
S u m m a r y
R e m o t e  s e n s i n g  ha s  p l a y e d  a vital role in forest 
r e s o u r c e  mapping. It h a s  been used to m a p  large a r e a s  of 
forest land w h i c h  w o u l d  be p r o h i b i t i v e l y  e x p e n s i v e  to ma p  by 
t r a d i t i o n a l  field s u r v e y  t e chniques. Aerial p h o t o g r a p h y  ha s  
been, a n d  still is. the p r i m a r y  m e d i u m  used for l a r g e - a r e a  
forest mapping. CI R  imagery, in part i c u l a r ,  h a s  g a i n e d  
p o p u l a r i t y  in forest analysis. T h i s  type of imagery has 
a l s o  b e e n  used e x t e n s i v e l y  to v e r i f y  r e s u l t s  o b t a i n e d  from 
s a t e l l i t e  d a t a  analysis.
T h e  first goal of this l i t e r a t u r e  review was to 
d e s c r i b e  b r i e f l y  how aerial p h o t o g r a p h s  h a v e  b e e n  used in 
forest surveys. T h i s  was d o n e  to e s t a b l i s h  a s o l i d  
b a c k g r o u n d  on p h o t o i n t e r p r e t a t i o n  as a r e l i a b l e  forest
I
a n a l y s i s  technique. Obviou s l y ,  this first goal ua s  an 
i m p o r t a n t  one to a c h i e v e  B i n c e  aerial p h o t o i n t e r p r e t a t i o n  
ha s  b e c o m e  an i n d i s p e n s a b l e  part of L a n d s a t  c l a s s i f i c a t i o n  
v e r i f i c a t i o n .  MoBt of the m a p p e d  i n f o r m a t i o n  used for 
v e r i f i c a t i o n  in this p r o j e c t  wa s  d e r i v e d  from C I R  aerial 
imagery. R a n d o m  field i n s p e c t i o n s  u e r e  u s e d  to s u b s t a n t i a t e  
the p h o t o - d e r i v e d  v e r i f i c a t i o n  maps. Aerial p h o t o g r a p h y  has
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p r o v e d  to be a r e l i a b l e  s o u r c e  of forest information. Film 
t y p e  a n d  scale> local topography, time of year, and 
i n t e r p r e t e r  t r a i n i n g  a r e  all key f a ctors u h i c h  must be 
c o n s i d e r e d  for s u c c e s s f u l  and c o n s i s t e n t  i n t e r p r e t a t i o n  of 
forest resources.
T h e  s e c o n d  intent of this l i t e r a t u r e  review u a s  to 
re p o r t  the s i g n i f i c a n t  a c h i e v e m e n t s  o b t a i n e d  by o t h e r s  in 
L a n d s a t  MS S  d a t a  a n a l y s i s  for forest mapping. T h i s  r e l ates 
d i r e c t l y  to the first goal s i n c e  aerial p h o t o i n t e r p r e t a t i o n  
p l a y e d  a key role in most p r o j e c t s  u h i c h  u s e d  L a n d s a t  MSS 
data.
E a r l y  a t t e m p t s  at aerial M S S  a n a l y s i s  i n d i c a t e d  a 
br i g h t  future for the s a t e l l i t e  s y s t e m s  u h i c h  folloued. 
S y s t e m  d e s i g n  c o n s i d e r a t i o n s  from aerial M S S  and TM S  uere 
i n c o r p o r a t e d  into the L a n d s a t  s e r i e s  MSS and TM sensors. 
D i gital data p r o c e s s i n g  t e c h n i q u e s  d e v e l o p e d  for aerial MSS 
u e r e  like w i s e  b o r r o w e d  an d  r e f i n e d  for a n a l y s i s  of s a t e l l i t e  
data.
A c c o m p l i s h m e n t s  from p h o t o i n t e r p r e t a t i o n  of L a n d s a t  
p r o d u c t s  h a v e  b e e n  moderate, at best. However, r e f i n e m e n t s  
of digital a n a l y s i s  p r o c e d u r e s  g a v e  s o m e  d e g r e e  of h o p e  for 
i m p r o v e d  results. M o s t  r e p o r t e d  p r o j e c t s  s e e m  to indi c a t e  
that the best a c h i e v e m e n t s  of L a n d s a t  M S S  a n a l y s i s  a r e  in 
f o r e s t - f r o m - n o n - f o r e s t  mapping. S o m e  r e g i o n s  h a v e  had 
r e a s o n a b l y  g o o d  r e s u l t s  for d e t a i l e d  forest type 
identi f ication.
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A f t e r  14 y e a r s  of rosearch. it s e e m s  that m o s t  of the 
p o t e n t i a l  for L a n d s a t  M S S  in forest a n a l y s i s  h a s  been  
realized. D e G l o r i a  a n d  B e n s o n  (1985) n o t e d  that a c c e p t a n c e  
of s a t e l l i t e  t e c h n o l o g y  has b e e n  h i n d e r e d  by o v e r i n f l a t e d  
e x p e c t a t i o n s  and e x a g g e r a t e d  r e p o r t s  of findings. They 
i d e n t i f i e d  o n l y  tuo k n o u n  o p e r a t i o n a l  u s e s  of L a n d s a t  d a t a 
for forest i n v e n t o r y  in the U n i t e d  States.
Thus* we c o m e  to the final goal of this review: to 
d e t e r m i n e  if L a n d s a t  TM d a t a  iB b e t t e r  s u i t e d  than MS S  for 
forest analysis. L i t t l e  r e s e a r c h  on TM forest a n a l y s i s  has 
b e e n  reported* and the bulk of i n f o r m a t i o n  on T M S  a n a l y s i s  
has only s u r f a c e d  in the past four years. M a n y  p r o j e c t s  
h a v e  s h o w n  s u b s t a n t i a l  i m p r o v e m e n t  over L a n d s a t  M S S  in the 
a m o u n t  of forest detail u h i c h  ca n  be detected. However* as 
uas the c a s e  with L a n d s a t  MSS. most TM S  p r o j e c t s  h a v e  b e e n  
d i r e c t e d  toward a n a l y s i s  of n o r t h e r n  a n d  w e s t e r n  forest 
types.
T h i s  p r o j e c t  w a s  d e s i g n e d  s p e c i f i c a l l y  to ans w e r  
q u e s t i o n s  abo u t  the u t i l i t y  of L a n d s a t  M S S  a n d  TM d a t a  for 
forest a n a l y s i s  in the Coastal P l a i n  of w e s t - c e n t r a l  
Louisi a n a .  C o m p a r i s o n s  of t h ese tuo imagery t y pes w e r e  made 
in an e f f o r t  to b e t t e r  d e f i n e  the u s e f u l n e s s  of each. 
I n f o r m a t i o n  r e p o r t e d  in this d o c u m e n t  ca n  be of u s e  to 
r e s o u r c e  m a n a g e r s  who a r e  i n t e r e s t e d  in rem o t e  s e n s i n g  of 
large a r e a s  for t i m b e r  a s s e s s m e n t .  S a t e l l i t e  i m agery and 
d e r i v e d  p r o d u c t s  c o u l d  form an integral p a r t  of m a j o r  GI S 
i n s t a l l a t i o n s  of g o v e r n m e n t  an d  p ivate o r g a n i z a t i o n s  w h ich
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n eed to e f f e c t i v e l y  analyze, c h a r a c t e r i z e ,  and m a p  forest 
resources.
M E T H O D S  AND P R O C E D U R E S
S t u d y  Area
Th e  K i B a t c h i e  R a n g e r  D i s t r i c t  of the K i s a t c h i e  National 
F o r e s t  in N a t c h i t o c h e s  Parish* Louisi a n a *  was c h o s e n  as the 
s t u d y  a r e a  for this p r o j e c t  (Figure 1). The d i s t r i c t  is 
7 0 * 2 5 6  ha in size, of u h i c h  3 9 . 8 0 0  ha are National Fo r e s t  
lands. O n l y  the Nati o n a l  F o r e s t  lands u e r e  c o n s i d e r e d  in 
this study. T e r r a i n  of this d i s t r i c t  v a r i e s  from s w a m p s  to 
m o d e r a t e  an d  s t e e p  slopes, ridge crests, and mesas, and the 
range in e l e v a t i o n  is a p p r o x i m a t e l y  95 m (30 to 125 m a b o v e  
se a  level) (Ferrarelli 1976).
L o n g l e a f  p i n e  (P i n u s  p a l u s t r i s  Mill.)* lobl o l l y  p i n e 
taeda L. ) . and s h o r t l e a f  p i n e  (P. e c h i n a t a  Mill.) are 
the m a j o r  c o n i f e r s  in the area. However, s l a s h  p i n e  (P. 
elli ott i i Engelm.) h a s  been p l a n t e d  on s o m e  a r e a s  w h i c h  have 
g e n t l e  slopes. P o s t  oak (Q u e r c u s  s t e l l a t a  Wang.), b l a c k  oak 
(Q. v e l u t i n a  L a m . ). b l a c k j a c k  oak (0. m a r i l a n d i c a  M u e n c h h . ). 
s o u t h e r n  red oak (Q. f a l c a t a  M i c h x . ). an d  w h i t e  oak (Q. alba 
L . ) occ u r  in m i x t u r e  w i t h  the p i n e s  t h r o u g h o u t  the region. 
P o s t  a n d  b l a c k j a c k  o a k s  a r e  m o r e  c o m m o n l y  found on d r o u g h t y  
s o i l s  w i t h  s t a n d B  of l o n g l e a f  and lobl o l l y  pines. T h e  other 
o a k s  o c c u r  p r i m a r i l y  w i t h  lobl o l l y  a n d  s h o r t l e a f  p i n e s  and 
in small h a r d w o o d  s t a n d s  in u p l a n d  c o v e s  and bottoms. 
S u e e t g u m  (L i a u i d a m b a r  s t v r a c i  flua L.). b l a c k g u m  (N v s s a  
b v Iv a t i c a  M a r shall) an d  h i c k o r i e s  (C a r v a  s p p . ) occur 
e x t e n s i v e l y  t h r o u g h o u t  the u p l a n d s  and bottoms. T h e r e  ar e  a
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Louisiana.
U s e d  w i t h  p e r m i s s i o n  from:
Hughes. J. S. 1985. F o r e s t  type m a p p i n g  by digital 
p r o c e s s i n g  of s m a l l - s c a l e  c o l o r  infrared aerial 
pho t o g r a p h s .  M a s t e r ’s thesiB. School of Forestry. 
Vildlife. and F i s h e r i e s .  L o u i s i a n a  S t a t e  University.  
B a t o n  Rouge. 84 p.
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few isol a t e d  s t a n d s  of b a l d c y p r e s s  C T a x o d i u m  dist ichum (L.) 
R i c h . 3 and water t u p e l o  (N v s s a  a a u a t i c a  L . ) in the larger 
s t r e a m  bottoms.
T h e  major pines, longleaf and loblolly. o c c u r  in 
fairly p u r e  s t a n d s  w i t h i n  the D i s trict. T h i s  is p a r t i a l l y  
d u e  to m a n a g e m e n t  p r a c t i c e s  w h i c h  h a v e  e x i s t e d  in the region  
s i n c e  the area b e c a m e  a National Forest. P i n e  s t a n d s  in the 
D i s t r i c t  were n a t u r a l l y  or a r t i f i c i a l l y  r e g e n e r a t e d  and 
m a n a g e d  for the d o m i n a n t  species. F i e l d  o b s e r v a t i o n s  m a d e  
in this p r o j e c t  i n d i c a t e d  that f u rther s e g r e g a t i o n  of these 
s p e c i e s  o c c u r s  n a t u r a l l y  d u e  to d i f f e r e n c e s  in s i t e  
pr eference. L o n g l e a f  p i n e  s e e m s  to o c c u r  p r i m a r i l y  on upp e r  
s l o p e s  and ridge c r e s t s  w h e r e a s  l o b l o l l y  p i n e  is a l m o s t  
e q u a l l y  a b u n d a n t  on all s l o p e  c o n d i t i o n s .  H a r d w o o d s  are 
d e f i n i t e l y  more p r e v a l e n t  on lower s l o p e s  and s t r e a m  
bottoms.
Th e  u n d e r s t o r y  v e g e t a t i o n  of most longleaf s t a n d s  is 
c o m p o s e d  of g r a s s e s  an d  w o o d y  s h r u b s  s u c h  as y a u p o n  (11 ex 
v o m i t o r i a  Aiton). w a x m y r t l e  (K v r i c a  ceri fera L . ). and 
h u c k l e b e r r y  (V a c c i n i u m  sp. L.). U n d e r s t o r y  h a r d w o o d s  are 
in f r e q u e n t  du e  to p r e s c r i p t i o n  b u r n i n g  p r a c t i c e s  in longleaf 
Btands. T h e r e  is a larger c o m p o n e n t  of the p r e v i o u s l y -  
m e n t i o n e d  s h r u b s  in the u n d e r s t o r y  of lobl o l l y  p i n e  stands. 
Fur t h e r m o r e ,  h a r d w o o d s  a r e  m o r e  f r e q u e n t  in o c c u r r e n c e  and 
g r a s s e s  ar e  less a b u ndant. U n d e r s t o r y  v e g e t a t i o n  of 
h a r d w o o d  s t a n d s  g e n e r a l l y  c o n s i s t s  of a few h e r b a c e o u s  
plants. w o o d y  vines, and h a r d w o o d  reprodu c t i o n .  The
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r e l a t i v e  f r e q u e n c y  of o c c u r r e n c e  of g r a e e e B  s e e m s  to be 
i n v e r s e l y  r e l a t e d  to c r o w n  c l o s u r e  r e g a r d l e s s  of forest 
type.
T h i s  s t u d y  a r e a  wa s  c h o s e n  in o r der to o b t a i n  a wide 
r e p r e s e n t a t i o n  of forest c o v e r  a n d  e c o l o g i c a l  gradie n t s .
T h e  s t e e p  t e r r a i n  an d  d i f f e r e n c e s  in s o i l s  w a s  e x p e c t e d  to 
h a v e  a m a r k e d  e f f e c t  on ti m b e r  s p e c i e s  d i s t r i b u t i o n .  In 
t e r m s  of general p h y s i o g r a p h y ,  the D i s t r i c t  is in an area 
w h i c h  is t r a n s i t i o n a l  b e t w e e n  the H i l l y  a n d  M i d d l e  Coastal  
P l a i n  P r o v i n c e s  (Evans et al. 1983). Theref o r e ,  one w o u l d  
e x p e c t  a w i d e  range of s i t e  c o n d i t i o n s  w i t h i n  the unit.
T h i s  is indeed the case. S i t e  i n d i c e s  ( S . 1.) range from 
less than 50 to g r e a t e r  than 100 for l o b l o l l y  pine. R e s u l t s  
o b t a i n e d  from this s t u d y  ma y  be e x t e n d a b l e  to other p a r t s  of 
the S o u t h e r n  Coastal Plain.
D a t a  A c auisi t i on
Several forms of d a t a  w e r e  o b t a i n e d  for c o m p l e t i o n  of 
this project. Images an d  m a p s  w e r e  p r o c e s s e d  a n d  m e r g e d  
into a G e o g r a p h i c  I n f o r m a t i o n  S y s t e m  (GIS) for UBe in the 
a n a l y s i s  of the s t u d y  area. The f o l l o w i n g  s e c t i o n s  are 
d e t a i l e d  d e s c r i p t i o n s  of the d a t a  w h i c h  w e r e  acquired.
M a p  a n d  C o m p a r t m e n t  D a t a
C o p i e s  of all a v a i l a b l e  U n i t e d  S t a t e s  G e o l o g i c a l  S u r v e y  
(USGS) t o p o g r a p h i c  m a p s  w e r e  o b t a i n e d  for the D i s t r i c t  
(scales 1:24.000. 1:62.500. 1:250.000). T h e s e  m a p s  w e r e
u s e d  to p r o v i d e  the p r i m a r y  g e o g r a p h i c  c o n t r o l  for
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r e g i s t r a t i o n  of all o t h e r  d a t a  w h ich w e r e  d i g i t a l l y  
processed. T h e y  w e r e  a l s o  useful for field work and 
locat i o n  of r e c o g n i z a b l e  f e a t u r e s  on all the image data.
C o m p a r t m e n t  and soil s u r v e y  m a p s  w e r e  o b t a i n e d  from the 
U n i t e d  S t a t e s  D e p a r t m e n t  of A g r i c u l t u r e  (USDA) F o r e s t  
S e r v i c e  (USFS) o f f i c e s  in Louisiana. flaps for n i n e  rand o m l y  
s e l e c t e d  c o m p a r t m e n t s  w e r e  a c q u i r e d  (co m p a r t m e n t  n u m b e r s  14. 
23. 27. 31. 38. 39. 40. 44. and 46). Th e  c o m p artment, 
stand, and soil b o u n d a r i e s  w e r e  t r a n s f e r r e d  to s t a b l e - b a s e  
(drafting film) o v e r l a y s  of the 1 : 2 4 , 0 0 0 - s c a l e  USGS 
q u a d r a n g l e s  for d i g i t i z a t i o n .  C o n t i n u o u s  Inventory for 
S t a n d s  an d  C o m p a r t m e n t s  (CISC) data were also o b t a i n e d  from 
the USFS. C I S C  d a t a  w e r e  c o m p o s e d  of c o m p u t e r  list i n g s  of 
the p r e s c r i p t i o n  s u m m a r i e s  for all s t a n d s  and c o m p a r t m e n t s  
in the District. I n f o r m a t i o n  on these listings included 
(for e a c h  stand): forest type, c o n d i t i o n  class, area, age
( r e g e n e r a t i o n  date), a n d  s i t e  index.
Aerial P h o t o g r a p h y
Four types of aerial p h o t o g r a p h y  w e r e  used in this 
project. All p h o t o g r a p h i c  p r i n t s  o b t a i n e d  were s t a n d a r d  
2 2 8 . 6 - b y - 2 2 8 . 5 mm in size. E i g h t  p r i n t s  of 1: 1 3 0 . 000-scale. 
CIR. r e s e a r c h  p h o t o g r a p h y  flown by the National A e r o n a u t i c s  
a n d  S p a c e  A d m i n i s t r a t i o n  (NASA) w e r e  obtained. T h e s e  
p h o t o g r a p h s  w e r e  t a k e n  over the s t u d y  a r e a  on N o v e m b e r  16. 
1979 (mission 579002 8 4 3 .  frame n u m b e r s  1072-1075. 1110-
1113) .
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S i x t e e n  p r i n t s  of 1 ;58.0 0 0 — seale» CIR. Nati o n a l  High  
A l t i t u d e  P r o g r a m  <NHAP) p h o t o g r a p h y  flown on D e c e m b e r  4 and 
5' 1981. w e r e  a l s o  p u r c h a s e d  (mis s i o n  1 N H A P81000277. frame
n u m b e r s  9 8 - 1 0 4  and 127-131; m i s s i o n  1N H A P 8 1 0 0 0 2 7 5 .  frame 
n u m b e r s  15-18).
On e  h u n d r e d  forty two. 1 : 12.0 0 0 - s c a l e .  C I R  p h o t o g r a p h s  
flown on May 8. 1982. by the A g r i c u l t u r a l  S t a b i l i z a t i o n  and
C o n s e r v a t i o n  S e r v i c e  (ASCS) for the USFS. w e r e  o b t a i n e d  for 
the central p a r t  of the s t u d y  a r e a  w h i c h  i n c l u d e d  all n i n e  
test c o m p a r t m e n t s .  T h e s e  p h o t o g r a p h s  w e r e  u s e d  with the 
N HAP i m agery to p r o d u c e  g r o u n d - v e r i  f i c a t i o n  m a p s  of the nine 
test c o m p a r t m e n t s .
On e  flight line w a s  flown by the L o u i s i a n a  S t a t e  
U n i v e r s i t y  R e m o t e  S e n s i n g  and Image P r o c e s s i n g  L a b o r a t o r y  
(RSIP). T h i s  line, flown on M a r c h  22. 1984. c r o s s e d  the
lower p o r t i o n  of c o m p a r t m e n t  23. E l e v e n  c o l o r  p r i n t s  
(1:2.0 0 0 - s c a 1e ) w e r e  o r d e r e d  from the r e s u l t i n g  imagery. 
T w e l v e  c h a n n e l s  of MS S  d a t a  w e r e  c o l l e c t e d  s i m u l t a n e o u s l y  
w ith the p h o t o g r a p h y .  T h e s e  low-level d a t a  w e r e  u s e d  in a 
s t u d y  r e l a t e d  to this project. J o s e p h  H u g h e s  (a former LSU 
forestry g r a d u a t e  student) u s e d  the p h o t o g r a p h y  and MSS data 
to d e t e r m i n e  spectral r e c o g n i t i o n  of longleaf and loblolly  
p i n e s  (Hughes et al. 1986). D e t a i l s  on the us e  of all 
aerial p h o t o g r a p h s  a r e  g i v e n  in the s e c t i o n s  w h i c h  p e r t a i n  
to g r o u n d - v e r i f i c a t i o n  ma p  produ c t i o n .
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L a n d s a t  Data
Si x  s e t s  of L a n d s a t  M S S  d a t a  a n d  one set of L a n d s a t  TM 
d a t a  u e r e  o b t a i n e d  for this project. Th e  MS S  d a t a  had to 
meet t h r e e  c r i t e r i a  in o r der to a c c o m p l i s h  the o b j e c t i v e s  of 
the project. First, at least o n e  d a t a  set uas n e e d e d  for 
e a c h  of two seasons, w i n t e r  a n d  late B p r i n g  or s u m m e r  
(dormant and g r o w i n g - s e a s o n  data). Second, the d a t a  had to 
be of the h i g h e s t  q u a l i t y  p o s s i b l e  w i t h  a m i n i m u m  of cloud 
cover. T h e  thi r d  c r i t e r i o n  u a s  that the d a t a  had to be 
w i t h i n  a r e a s o n a b l e  time frame in r e l a t i o n  to the aerial 
p h o t o g r a p h y  o b t a i n e d  for the p r o j e c t  for g r o u n d  v e r i f i c a t i o n  
(five y e a r s  a c c o r d i n g  to J o y c e  1978).
E a c h  M S S  s c e n e  c o v e r s  1 8 5 - b y - 1 8 5  km in four spectral 
bands: 5 0 0 - 6 0 0  nm (green). 6 0 0 - 7 0 0  nm (red). 7 0 0 - 8 0 0  nm 
(near IR). an d  8 0 0 - 1 1 0 0  nm (near IR). TM d a t a  c o ver 
a p p r o x i m a t e l y  the s a m e  a r e a  but in d i f f e r e n t  bands: 4 5 0 - 5 2 0
nm (cyan). 5 2 0 - 6 0 0  nm (green). 6 3 0 - 6 9 0  nm (red). 7 6 0 - 9 0 0  nm 
(near IR). 1 5 5 0 - 1 7 5 0  nm (IR), 2 0 8 0 - 2 3 5 0  nm (IR), and 
1 0 . 4 0 0 - 1 2 . 5 0 0  nm (thermal IR). T h e  M S S  b a n d s  ar e  r e f e r r e d  
to as B a n d s  4.5,6, a n d  7, rsspec t i v e l y ,  a n d  the TM B a n d s  are 
1,2,3,4,5.6, and 7. A l t h o u g h  this is s o m e w h a t  confusing, 
the t e r m i n o l o g y  is in k e e p i n g  w i t h  most p u b l i s h e d  material 
on t h ese two s e n B o r s  (L i l l e s a n d  an d  K i e f e r  1979, N A S A  1982).
All M S S  d a t a  s e t s  p u r c h a s e d  or o b t a i n e d  from the RSIP 
a r c h i v e  a r e  listed below:
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M S S  S c e n e  Nu m b e r  Acauisi t i on Date S e a s o n
8 2 7 3 4 1 5 5 3 2 5 0 0  J a n u a r y  25* 1977 D o r m a n t
8 2 8 6 0 1 5 4 7 2 5 0 0  May 31. 1977 G r o w i n g
8 3 0 1 2 7 1 6 0 7 3 X 0  July 10. 1978 G r o w i n g
8 3 0 3 2 5 1 6 0 8 2 X 0  J a n u a r y  24. 1979 D o r m a n t
8 3 0 3 6 1 1 6 0 8 1 X 0 M a r c h  1, 1979 D o r m a n t
8 4 0 1 7 2 1 6 1 2 4 X 0  J a n u a r y  4. 1983 D o r m a n t
Digital d a t a  an d  1 :250.000-scale, b l a c k - a n d - w h i t e  (BW) 
p r i n t s  (bands 5 and 7) w e r e  o b t a i n e d  for e a c h  M S S  d a t a  set. 
B a n d s  5 and 7 are the red an d  near IR bands, respectively. 
T h e  data for May 31. 1977, were d r o p p e d  from the a n a l y s i s
d u e  to the p r e s e n c e  of a light a t m o s p h e r i c  h a z e  w h i c h  
c o v e r e d  a s u b s t a n t i a l  part of the s t u d y  area. All other 
s c e n e s  w e r e  p r o c e s s e d  d i g i t a l l y  and three were e v e n t u a l l y  
s e l e c t e d  for final analysis. D e t a i l s  of the s e  p r o c e d u r e s  
a r e  g i v e n  in the s e c t i o n  on M S S  d a t a  processing.
O n e  TM s c e n e  u a s  a l B O  o b t a i n e d  for this s t u d y  (Scene 
nu m b e r  Y 4 0 1 7 2 1 6 1 2 3 X 0 .  imaged J a n u a r y  4, 1983). T h e s e  w e r e
the only data w h ich w e r e  a v a i l a b l e  at the b e g i n i n g  of the 
study. T h e r e  uas a s u b s t a n t i a l  a m o u n t  of c l o u d  c o v e r  on 
b o t h  this s c e n e  and the c o r r e s p o n d i n g  J a n u a r y  4. 1983. MSS
d a t a  (both were imaged at the s a m e  time). F o r t u nately, the 
m a j o r i t y  of the a r e a  r e p r e s e n t e d  by the s t u d y  c o m p a r t m e n t s  
ua s  not a f f e c t e d  by c l o u d s  or shadows.
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T o p o g r a p h i c  D a t a
Digital t o p o g r a p h i c  d a t a  u e r e  o b t a i n e d  from the 
National C a r t o g r a p h i c  I n f o r m a t i o n  C e n t e r  (NC1C) in Bay St. 
Louis* Mis s i s s i p p i .  T h e s e  d a t a  u e r e  d i g i t i z e d  in x - y - z  
c o o r d i n a t e  format by the D e f e n s e  M a p p i n g  A g e n c y  (DMA). U S G S  
1 : 2 5 0 . 0 0 0 - s c a l e  m a p s  u e r e  the orig i n a l  s o u r c e  of t h ese data. 
T h e s e  d a t a  u e r e  p r o c e s s e d  at R S I P  bu t  u e r e  d r o p p e d  from 
further a n a l y s i s  d u e  to e x t r e m e l y  lou r e s o l u t i o n  (15 m) in 
all thr e e  d i m e n s i o n s .  M u c h  h i g h e r  r e s o l u t i o n  d a t a  (on the 
o r der of 3 m) u e r e  n e e d e d  to e s t a b l i s h  the r e l a t i o n s h i p s  
b e t w e e n  t e r r a i n  and forest features. S u c h  d a t a  do not 
exist? at present, for the s t u d y  area.
A d d i t i o n a l  t e s t i n g  by use of c h i - s q u a r e  a n a l y s i s  s h o u e d  
that t h ere were p o s s i b l e  u n d e r l y i n g  r e l a t i o n s h i p s  b e t w e e n  
the t o p o g r a p h i c  and g r o u n d - v e r i f i c a t i o n  data. A l t h o u g h  the 
r e l a t i o n s h i p  was weak, it uas felt that this g a v e  further 
j u s t i f i c a t i o n  for e x c l u s i o n  of the t o p o g r a p h i c  d a t a  from the 
study.
R S 1P and the E L A S  S y s t e m  
D a t a  p r o c e s s i n g  for this p r o j e c t  u a s  p e r f o r m e d  at the
t
R e m o t e  S e n s i n g  an d  Image P r o c e s s i n g  L a b o r a t o r y  (RSIP). 
L o u i s i a n a  S t a t e  U n i v e r s i t y .  B a t o n  Rouge. T h e  m a jor 
c o m p o n e n t s  of the c o m p u t e r  s y s t e m  (Figure 2) u s e d  a r e  listed 
a s  follows:
P e r k i n - E l m e r  8 / 3 2  c o m p u t e r  w i t h  1 m e g a b y t e  of memory. 
Comtal 8 0 0 0 — S c o l o r  image display.
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F i g u r e  2. The R e m o t e  S e n s i n g  and Image P r o c e s s i n g  L a b o r a t o r y  
(RSIP) C o m p u t e r  Center* L o u i s i a n a  S t a t e  U n i versity.
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two 8 0 0 - b p i  m a g n e t i c  tape drives, 
one 1 6 0 0 / 6 2 5 0 - b p i  tape drive, 
four 8 0 - m e g a b y t e  disk drives, 
on e  3 0 0 - m e g a b y t e  disk drive.
V a r i a n  S T A T O S - 4 2  e l e c t r o s t a t i c  p r i n t e r / p l o t t e r .
T a l o s  x - y  c o o r d i n a t e  digitizer.
M a t r i x  film recorder, and 
1 ine printer.
E L A S  (Earth R e s o u r c e s  L a b o r a t o r y  A p p l i c a t i o n s  Software; 
N A S A  1980) w a s  u s e d  to p e r f o r m  most of the d a t a  p r o c e s s i n g  
for thiB project. It is an i n t e r a c t i v e  image a n a l y s i s  and 
G I S  s y s t e m  w h i c h  w a s  i m p l e m e n t e d  a n d  m o d i f i e d  by RSIP. ELAS 
o p e r a t e s  w i t h  a root s e g m e n t  and n u m e r o u s  p r o g r a m  o v e r l a y s  
w h i c h  p e r f o r m  s e p a r a t e  tasks.
T h e  p h o t o i n t e r p r e t a t i o n  l a b o r a t o r y  w i t h i n  R S I P  was used 
for all g r o u n d - v e r i  ficat i o n  ma p  pre p a r a t i o n .
I n t e r p r e t a t i o n s  w e r e  c o m p i l e d  and m a p s  s c a l e d  on a B a u s c h  
and L o m b  z o o m  t r a n s f e r  scope.
A n c i 1 larv Data P r e p a r a t i o n  
A n c i l l a r y  d a t a  w e r e  used in c o n j u n c t i o n  w i t h  the 
digital image d a t a  for d i s c r i m i n a t i o n  of the forest types 
d e f i n e d  for this project. S o i l s  maps, c o m p a r t m e n t  and s t a n d  
mapB. a n d  the g r o u n d - v e r i f i c a t i o n  m a p s  w e r e  the a n c i l l a r y  
d a t a  s e t s  p r o d u c e d  or o b t a i n e d  for this project. All of 
t h e s e  d a t a  w e r e  u s e d  as a i d s  in the MS S  and TM data 
a nalysis. T h i s  s e c t i o n  d e a l s  w i t h  the s p e c i f i c  p r o c e d u r e s
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w h i c h  w e r e  f o l l o w e d  to p r o d u c e  these digital maps.
A n c i l l a r y  m a p s  and g e o r e f e r e n c e d  s a t e l l i t e  d a t a  w e r e  m e r g e d  
into c o m m o n  d a t a  b a s e s  w i t h  the s a m e  g e o g r a p h i c  c o o r d i n a t e  
system.
G r o u n d - v e r i  fica t i o n  M a p  P r o d u c t i o n
A r e c o n a i s s a n c e  i n t e r p r e t a t i o n  was m a d e  of the NHAP 
p h o t o g r a p h y .  C l e a r  d r a f t i n g  film w a s  p l a c e d  on s e l e c t e d  
p r i n t s  of the s t u d y  area, and p e r m a n e n t - i n k .  f e l t - t i p p e d  
p e n s  w e r e  then used to t r ace a r o u n d  a r e a s  w h i c h  ha d  s i m i l a r  
c o l o r  and texture. T h e s e  a r e a s  w e r e  p l o t t e d  on t o p o g r a p h i c  
m a p s  and s e l e c t e d  s i t e s  w e r e  v i s i t e d  in the field. 
O b s e r v a t i o n s  m a d e  on t h ese first field tri p s  i n d i c a t e d  that 
the l o n g - n e e d l e d  p i n e s  (longleaf a n d  Blash) may be 
s p e c t r a l l y  s e p a r a b l e  from p i n e s  with sho r t  n e e d l e s  (loblolly 
and shor t l e a f ) .  H a r d woods, on the other hand, w e r e  m o r e  
d i f f i c u l t  to identify. Most of the h a r d w o o d  s t a n d s  w e r e  
small and did not s h o w  up well on the N H A P  imagery. 
Therefore, s e p a r a t i o n  of p i n e s  from h a r d w o o d s  was m a d e  on 
the 1 : 12.0 0 0 - s c a l e  A S C S  C I R  photography.
Th e  f o l l o w i n g  p a r a g r a p h s  w h i c h  d e s c r i b e  the 
i n t e r p r e t a t i o n  t e c h n i q u e s  w e r e  d e r i v e d  from the w o r k  by 
E v a n s  et al. (1985). I n t e r p r e t a t i o n s  of the 1 s12.O O O - B c a l e  
im a g e r y  w e r e  p e r f o r m e d  on c l e a r  film overlays. A m i n i m u m  
m a p p i n g  unit of a p p r o x i m a t e l y  0 . 4  ha wa s  a d o p t e d  for 
d e l i n e a t e d  areas. T h i s  wa s  d o n e  so that the map r e s o l u t i o n  
w o u l d  be c o n s i s t e n t  w i t h  s a t e l l i t e  r e s o l u t i o n s  used in this 
study. Pines, h a r d woods, and o p e n  a r e a s  (roads, fields.
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b a r e  soil? and rock) w e r e  d e l i n e a t e d  for e a c h  test 
comp a r t m e n t .  The p i n e  t y pes w e r e  not s e p a r a b l e  on the 
1 s12?0 0 0 - s c a l e  imagery. Th e  r e s u l t i n g  d e l i n e a t i o n s  w e r e  
t r a n s f e r r e d  to d r a f t i n g - f i l m  o v e r l a y s  of the 1 : 2 4 ? 0 0 0 - s c a l e  
t o p o g r a p h i c  m a p s  by us e  of a B a u s c h  an d  L o m b  z o o m  t r a n s f e r  
scope.
The NHAP p h o t o g r a p h y  uas u s e d  to c o m p l e t e  the g r o u n d -  
veri fica t i o n  m a p s  by s e g r e g a t i n g  the p i n e  a r e a s  into 
l o n g l e a f - s l a s h  and 1 o b i o 11y - s h o r t l e a f  p i n e  categ o r i e s .
T h e s e  p r o c e d u r e s  u e r e  p e r f o r m e d  w i t h  i n t e r s p e r s e d  field 
v i s i t s  u s e d  for i n t e r p r e t e r  t r a i n i n g  a n d  m a p  refinement.
The maps had the follouing categories: open areaB? harduood
forest? longleaf-slash pine? loblolly-shortleaf pine? and 
uater (mostly small wildlife and stock ponds). Copies of 
these maps were made for use in the field-verification 
process.
F i e l d  Ver i f icat ion P r o c e d u r e s
F i e l d  v e r i f i c a t i o n  s i t e s  u e r e  l o c ated a d j a c e n t  to all- 
u e a t h e r  roads w i t h i n  th e  s t u d y  area. However? a f t e r  the 
first field trips? it uas d e t e r m i n e d  that f i n ding and 
r e c o r d i n g  i n f o r m a t i o n  on e a c h  p l o t  uas too time consuming.  
T herefore? t r a n s e c t s  w e r e  c h o s e n  as an a l t e r n a t i v e  m e t h o d  of 
field v e r i f i c a t i o n .  T h e  s t a r t i n g  p o i n t  of e a c h  t r a n s e c t  was 
l o c ated near an e a s i l y  i d e n t i f i a b l e  f e a ture s u c h  as a road 
i n t e r s e c t i o n  or s t r e a m  crossing. V e r i f i c a t i o n  s i t e s  w e r e  
located at regular i n t e r v a l s  a l o n g  e a c h  t r a n s e c t  an d  all 
c ov e r  typ e s  (except uater) w e r e  sampled. E a c h  t r a n s e c t  uas
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m a r k e d  on field c o p i e s  of the type m a p s  and also l o cated on 
the a p p r o p r i a t e  1 : 1 2 » 0 0 0 - s c a l e  p h o t o g r a p h s  w h i c h  w e r e  put in 
c l e a r  p l a s t i c  folders for field use.
V e r i f i c a t i o n  s i t e s  w e r e  v i s i t e d  in the fall of 1963. 
w i n t e r  1983-84. an d  late s p r i n g  and s u m m e r  of 1984. A total 
of 122 B i t e s  w e r e  v i s i t e d  an d  c h a r a c t e r i z e d .  F i e l d 
o b s e r v a t i o n s  w h i c h  w e r e  m a d e  included: m a j o r  o v e r s t o r y  an d  
u n d e r s t o r y  forest s p e c i e s  c o m p o s i t i o n *  a p p r o x i m a t e  d i a m e t e r  
br e a s t  h i g h  (DBH). h e i g h t  of d o m i n a n t s  an d  c o d o m i n a n t s  in 
the canopy* general s t a n d  condit i o n *  an d  a l t e r a t i o n s  B u c h  as 
s t a n d  thinning, p r e s c r i p t i o n  burning* or oth e r  o b s e r v e d  
forest m a n a g e m e n t  p r a c t i c e s  (Evans et al. 1985) (Figure 3). 
A r e a s  found to be in e r r o r  w e r e  c o r r e c t e d  b e f o r e  the field 
m a p s  w e r e  u s e d  for L a n d s a t  analysis.
S o i 1s an d  G r o u n d - v e r i f i c a t i o n  Map D i g i t i z a t i o n
B o t h  the s o i l s  a n d  g r o u n d - v e r i f i c a t i o n  m a p s  w e r e  tr a c e d  
onto s t a b l e - b a s e  o v e r l a y s  of the 1 : 2 4 . 0 0 0 - s c a l e  t o p o g r a p h i c  
m a p s  of the s t u d y  area. E a c h  o v e r l a y  w a s  then s u b d i v i d e d  
into b l o c k s  of 1 0 0 0 - b y - 1 0 0 0  m. T h e  s o i l s  an d  g r o u n d -  
v e r i f i c a t i o n  d a t a  in e a c h  block w e r e  then d i g i t i z e d  by use 
of s o f t w a r e  d e v e l o p e d  by the U.S. A r m y  C o r p s  of E n g i n e e r s  
W a t e r w a y s  E x p e r i m e n t  S t a t i o n  (WES).
WE S  s o f t w a r e  u t i l i z e s  a h i e r a r c h i c a l  a p p r o a c h  for map 
d a t a  encoding. F i rst the e n t i r e  block* in this c a s e  1000- 
b y - 1 0 0 0  m» is c o d e d  a s  one category. Next* s u c c e s s i v e  
p o r t i o n s  of the b l ock a r e  d i g i t i z e d  as "p a t c h e s "  w h i c h  take 
p r e c e d e n t  over any c o d e d  a r e a  that they overlay. Th e  last
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F i g u r e  3. F i e l d - v e r i f i c a t i o n  site: i n f o r m a t i o n  was recorded 
on the forest an d  s i t e  conditions.
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c o d e d  "patch" for an y  g i v e n  a r e a  is the one w h i c h  is u s e d  to 
label the category. F i g u r e  4 d e p i c t s  an e x a m p l e  of how 
p a t c h e s  ar e  u s e d  to p r o d u c e  a final ma p  for an y  g i v e n  block. 
T h e  a r e a s  w h i c h  a r e  s u r r o u n d e d  by e a c h  p a t c h  <a set of 
v ectors) ar e  g r i d d e d  an d  labe l l e d  as to the ma p  attrib u t e .  
Finally* all b l o c k s  a r e  m e r g e d  into a B i n g l e  map. w h i c h  is 
r e p r e s e n t e d  as one channel in the GIS.
Two d i f f e r e n t  g r i d - c e l l  (pixel) s i z e s  w e r e  used: 50- by 
5 0 - m  and 25- by 25-m. The former pixel s i z e  w a s  c h o s e n  so 
that the m a p p e d  d a t a  c o u l d  be m e r g e d  w i t h  g e o g r a p h i c a l l y  
r e f e r e n c e d  MSS d a t a  w h i c h  wa s  a l s o  g r i d d e d  at that pixel 
size. T h e  latter wa s  the r e s a m p l e d  pixel s i z e  u s e d  for the 
TM data. All of the a n c i l l a r y  data d i g i t i z e d  by VES 
s o f t w a r e  was o r i g i n a l l y  g r i d d e d  at the 25 -  by 2 5 - m  pixel 
size. Data sets for use with the L a n d s a t  MSS d a t a  w e r e  
r e s a m p l e d  to 50- by 5 0 - m  p i x e l s  from the original 25 -  by 
2 5 - m  pixel data sets. F i g u r e  5 is the final g r o u n d -  
veri fica t i o n  m a p  as e n c o d e d  at a 5 0 -  by 5 0 - m  pixel (cell) 
resolution. The s o i l s  w h i c h  o c c u r r e d  w i t h i n  the s t udy 
c o m p a r t m e n t s  w e r e  r e g r o u p e d  by s l o p e  p o s i t i o n  (Figure 6). 
E c o l o g i c a l  r e l a t i o n s h i p s  b e t w e e n  B l o p e  p o s i t i o n  and forest 
type w e r e  e x p e c t e d  to be fairly well d e f i n e d  w i t h i n  the 
s t u d y  area. General field o b s e r v a t i o n s  s e e m e d  to s u p p o r t  
this premise. T a b l e  1 is a list of the s o i l s  w h i c h  occur 
w i t h i n  the nine s t u d y  a r e a  co m p a r t m e n t s .
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F i g u r e  4. E l e c t r o s t a t i c  p l o t t e r  o u t p u t  of "patch" b o u n d a r i e s  
d i g i t i z e d  u i t h  UES s o f t w a r e  (a); final b o u n d a r y  
lines p r o d u c e d  from a (b).
Used u i t h  p e r m i s s i o n  from:
Hill. J. M. . A. Eversull. a n d  D. L. Evans. 1984. L a ndsat 
d i s c r i m i n a t i o n  of rice a c r e a g e  i r r i g a t e d  by g r o u n d  
an d  s u r f a c e  u a t e r  in S o u t h u e s t e r n  Louisiana.
R S I P  TR 3 0 1 . 8 5  L o u i s i a n a  S t a t e  University.
Baton Rouge. 101 p.
F i g u r e  5
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G r o u n d - v e r i f i c a t i o n  m a p  as v i e w e d  on 
the c o l o r  image display.
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F i g u r e  6. K i s a t c h i e  Boil s e r i e s  ma p  as v i e u e d  on the color 
image d i s p l a y  (a); the s a m e  a r e a  as c o n v e r t e d  
to s l o p e  p o s i t i o n  d a t a  (b).
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T a b l e  1. Soil s e r i e s  r e g r o u p e d  by s l o p e  classes.
S l o p e  C l a s s
R i d g e  C r e B t  S i d e  S l o p e  S t r e a m  Bo t t o m
Briley. 1-5% s l o p e s  Briley. 5 - 1 2 %  s l o p e s  Guyton, freq.
Betis. 1-5% s l o p e s  Betis. 5 - 2 0 %  s l o p e s  flooded
Kisatc h i e .  1-15% B l o p e s  Kisatc h i e .  5 - 4 0 %  s l o p e s  G u y t o n  
B elluood. 1-5% s l o p e s  Belluood. 5 - 1 5 %  s l o p e s  assoc.
Malbis. 1-5% s l o p e s  Smithdale. 8 - 2 0 %  B l o p e s
Keith v i l l e .  1-5% s l o p e s  
N a t c h i t o c h e s .  1-5% s l o p e B  
Ruston. 1-5% s l o p e s
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Aer i a I Standi Uni f ormi tv and Vo 1 ume D e t e r m i n a t i o n
Aerial S t a n d  U n i f o r m i t y  Index <ASUI) was a rating 
B y s t e m  w h i c h  w a s  d e v e l o p e d  for this p r o j e c t  to e v a l u a t e  the 
p o t e n t i a l  of e a c h  U S F S  s t a n d  for s p e c t r a l  sampling. T h i s  
index wa s  a c o m b i n a t i o n  of m e a s u r e s  of c r o w n  c l o s u r e  and 
c r o w n  diameter. S t a n d s  w i t h  low ASUI v a l u e s  w e r e  e x p e c t e d  
to be s p e c t r a l l y  h o m o g e n e o u s  an d  w o u l d  r e p r e s e n t  good 
p o t e n t i a l  t r a i n i n g  fields for c l a s s i f i c a t i o n .  A U n i v e r s i t y  
of Michigan. School of Natural R e s o u r c e s ,  p h oto 
i n t e r p r e t e r ’s s c a l e  w a s  u s e d  to d e t e r m i n e  c r o w n  c l o s u r e  and 
d i a m e t e r  ranges from e a c h  s t a n d  as v i e w e d  on s t e r e o  p a i r s  of 
the 1 : 12.0 0 0 - s c a l e  C I R  p h o t o g r a p h y .  Th e  range of c r o w n  
d i a m e t e r  wa s  d i v i d e d  b y  10 and the range of c r o w n  c l o s u r e  
w a s  d i v i d e d  by 20 to o b t a i n  two v a l u e s  which, w h e n  added, 
g a v e  the ASUI for e a c h  s t a n d  in all test c o m p a r t m e n t s .
T h e s e  ASUI v a l u e s  u e r e  used u i t h  d e t e r m i n a t i o n s  of v o l u m e  to 
p r o d u c e  a m a p  of U S F S  s t a n d s  for c o m b i n a t i o n  uith the 
p h o t o i n t e r p r e t e d  forest type maps.
C I S C  l i s t i n g s  w e r e  u s e d  to d e t e r m i n e  the ag e  an d  s i t e  
index (SI) for e a c h  stand. F r o m  t h e s e  d a t a  and forest type, 
the forest c a n o p y  h e i g h t  ua s  a p p r o x i m a t e d  from SI c u r v e s  
(USDA F o r e s t  S e r v i c e  1976. 1962). A p p r o x i m a t e  c r o w n
d i a m e t e r  an d  c l o s u r e  u e r e  o b t a i n e d  from the m i d r a n g e  of 
v a l u e s  u B e d  for ASUI d e t e r m i n a t i o n s .  T h e  t h ree s t a n d  
v a r i a b l e s  (average height, c r o w n  closure, a n d  c r o w n  
dia m e t e r )  u e r e  then u s e d  u i t h  A v e r y ’s (1978) s t a n d  v o l u m e  
tab l e  for n o r t h e a s t  M i s s i s s i p p i  to d e t e r m i n e  the a p p r o x i m a t e
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s t a n d  volume. I n t e r m e d i a t e  v a l u e s  and o f f - s c a l e  v a l u e s  uere 
i n t e r p o l a t e d  and e x t r a p o l a t e d *  respectively.
T h e  a p p r o x i m a t e  t i m b e r  v o l u m e  for e a c h  B t a n d  uas 
t a b u l a t e d  by USFS c o n d i t i o n  class. T h e s e  l i s t i n g s  u e r e  used 
to d e t e r m i n e  at uhat l e v e l s  of s i g n i f i c a n c e  the c o n d i t i o n  
c l a s s e s  c o u l d  be d e e m e d  s e p a r a b l e  on the b a s i s  of timber 
volume. A l p h a  levels of 0 . 0 5  and 0.01 u e r e  used for the 
p a i r e d  t-tests. Th e  r e s u l t s  i n d i c a t e d  that c o n d i t i o n  c l a s s 
c o u l d  not be used as a s u r r o g a t e  for ti m b e r  volume. 
Therefore* the v o l u m e  c l a s s i f i c a t i o n  uas u s e d  u i t h  the ASUI 
r a t i n g s  for m o d i f i c a t i o n  of the g r o u n d - v e r i f i c a t i o n  ma p  (see 
s e c t i o n  on Map C o m b i n a t i o n ) .  D e t a i l s  of these f i n d i n g s  ar e  
g i v e n  in the R e s u l t s  a n d  D i s c u s s i o n  (G r o u n d - v e r i f i c a t i o n  Map 
A n a l y s i s  section). V o l u m e  d a t a  u e r e  a l s o  c o m p i l e d  for 
c o m p a r i s o n  b e t u e e n  the tuo major timber species. R e s u l t s  of 
these c o m p a r i s o n s  u e r e  e x p e c t e d  to h e l p  e x p l a i n  the r e a s o n s  
for L a n d s a t  c l a s s i f i c a t i o n  results.
C o m p a r t m e n t  and S t a n d  D i g i t i z a t i o n
As m e n t i o n e d  p r e v i o u s l y *  the c o m p a r t m e n t  a n d  s t a n d  
b o u n d a r i e s  u e r e  o b t a i n e d  from the U S F S  an d  traced onto 
s t a b l e - b a s e  o v e r l a y s  of the 1 s 2 4 * 0 0 0 - s c a l e  t o p o g r a p h i c  maps. 
T h e  c o m p a r t m e n t  b o u n d a r i e s  u e r e  d i g i t i z e d  for us e  in 
s t a t i s t i c a l  c l u s t e r i n g  p r o c e d u r e s *  u h i c h  u e r e  a p p l i e d  to the 
s a t e l l i t e  data. D e t a i l s  of the c l u s t e r i n g  p r o c e d u r e s  are 
found und e r  the C l a s s i f i c a t i o n  P r o c e d u r e s  section.
B o t h  the c o m p a r t m e n t  and s t a n d  b o u n d a r i e s  u e r e  
d i g i t i z e d  by use of the fol l o u i n g  proce d u r e s .  First, e a c h
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ma p  w i t h  b o u n d a r i e s  u a s  p l a c e d  on the d i g i t i z e r  and 
i n i t i a l i z e d  ( d i g i t a l l y  registered) to the L a n d s a t  d a t a  file. 
T h e  E L A S  m o d u l e  D G T Z  (online d i g i t i z i n g  overlay) uas used 
for this and all s u b s e q u e n t  s t e p s  in thiB proced u r e .  The 
i n i t i a l i z a t i o n  p r o c e s s  i n v o l v e d  the s e l e c t i o n  of thr e e  map 
p o i n t s  u h i c h  u e r e  a l B O  u i t h i n  the g e o r e f e r e n c e d  image data. 
T h e  x- y  d i g i t i z e r  c o o r d i n a t e s  u e r e  then c o n v e r t e d  to the 
image file c o o r d i n a t e s  and the s o f t u a r e  d e v e l o p e d  
t r a n s f o r m a t i o n  e q u a t i o n s  so that o t h e r  s e t s  of d i g i t i z e r  
c o o r d i n a t e s  c o u l d  be t r a n s l a t e d  to image coor d i n a t e s .
Th e  s t a n d  a n d  c o m p a r t m e n t  b o u n d a r i e s  u e r e  then 
d i g i t i z e d  so that e a c h  v e r t e x  of a b o u n d a r y  p o l y g o n  uas 
s t o r e d  as a g e o g r a p h i c  c o o r d i n a t e  u h i c h  o c c u r r e d  in the 
image file. B o u n d a r y  p o l y g o n  files u e r e  p r o d u c e d  for both 
the TM an d  M S S  d a t a  sets. S e p a r a t e  s e t s  of p o l y g o n s  uere  
u s e d  b e c a u s e  the x- y  c o o r d i n a t e s  for a p a r t i c u l a r  location 
a r e  d i f f e r e n t  for files of d i f f e r e n t  pixel dimen s i o n s .
S t a n d  b o u n d a r i e s  u e r e  used to p r o d u c e  a m a p  of v o l u m e  
c l a s s e s  an d  A S U I ’S (see s e c t i o n  on Aerial S t a n d  U n i f o r m i t y  
a n d  V o l u m e  D e t e r m i n a t i o n ) .  T h e  E L A S  m o d u l e  P G U D  (polygon 
update) u a s  u s e d  for this task. A d a t a  set (map) ua s  first 
c r e a t e d  u i t h  the a a m e  g e o g r a p h i c  h e a d e r  i n f o r m a t i o n  as the 
image files. Next, the d i gital v a l u e s  for all the p i x e l s  in 
t h i s  ne u  d a t a  se t  u e r e  c o n v e r t e d  to zeros. E a c h  s t a n d  
p o l y g o n  u a s  then u s e d  to "upd a t e "  the z e r o  image so that the 
ne u  c o u n t  v a l u e  for e a c h  pixel u i t h i n  the p o l y g o n  
r e p r e s e n t e d  the a p p r o p r i a t e  v o l u m e  class. O n c e  all s t a n d s
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u e r e  p r o c e s s e d  in t h i s  manner, the r e s u l t i n g  m a p s  (one each 
at 50 -  a n d  2 5 - m  resolution) d e p i c t e d  v o l u m e  c l a s s e s  w i t h i n  
e a c h  of the test c o m p a r t m e n t s .
H a p  C o m b i n a t i o n
T h e  f o r e s t - t y p e  a n d  v o l u m e - A S U I  m a p s  w e r e  d i g i t a l l y  
c o m b i n e d  to p a r t i t i o n  the s t u d y  c o m p a r t m e n t s  into all 
p o s s i b l e  c o m b i n a t i o n s  of the two features. E a c h  c o m b i n a t i o n  
of f e a t u r e s  wa s  r e p r e s e n t e d  by a u n i q u e  digital v a l u e  whi c h  
c o u l d  be displayed. T h e s e  new c l a s s e s  s e r v e d  as the s t r a t a  
from u h i c h  all spec t r a l  s a m p l i n g  ua s  p e r f o r m e d  in b o t h  the 
HS S  an d  TH d a t a  sets. The r e s u l t i n g  ma p  uas r e s a m p l e d  and 
g e o g r a p h i c a l l y  r e g i s t e r e d  to the s a t e l l i t e  data.
L a n d s a t  D a t a  P r e p r o c e s s i n g  
R e p r e s e n t a t i v e  p o r t i o n s  of the L a n d s a t  H S S  and TH 
d i g ital d a t a  w e r e  r e f o r m a t t e d  for use w i t h  the E L A S  s o f t w a r e  
s y s t e m  at RSIP. At this p o i n t  all of the images uere 
i n s p e c t e d  v i s u a l l y  for image q u a l i t y  c h a r a c t e r i s t i c s .  
F r e q u e n c y  h i s t o g r a m s  of the data from e a c h  image u e r e  also  
made. T h e  B a n d s  5 a n d  7 h i s t o g r a m s  u e r e  used to e v a l u a t e  
the i n f o r m a t i o n  po t e n t i a l  of e a c h  of the L a n d s a t  H S S  data  
sets. On the b a s i s  of these hist o g r a m s ,  it ua s  d e t e r m i n e d  
that the d a t a  for J a n u a r y  1977 had the least a m o u n t  of 
po t e n t i a l  (louest o v erall d i gital range in e a c h  band) for 
a n a l y s i s  of the forrast typeB. Lou c o n t r a s t  d a t a  s u c h  as 
the s e  h a v e  little o v e rall v a r i a n c e  u h i c h  can be 
s t a t i s t i c a l l y  p a r t i t i o n e d  for c o v e r — type recognition.
52
F u r t h e r  e v a l u a t i o n  of i n f o r m a t i o n  c o n t e n t  of the r e m a i n i n g  
HSS s e t s  (July 1978, Jan. 1979, M a r c h  1979, and Jan. 1983) 
uas m a d e  by u s e  of u n s u p e r v i s e d  c l a s s i f i c a t i o n  techniques.
G e o g r a p h i c  R e f e r e n c i n a
B a n d s  5 an d  7 e l e c t r o s t a t i c  p l o t s  u e r e  m a d e  for e a c h  
of the L a n d s a t  H S S  d a t a  sets. T h e s e  p l o t s  u e r e  used to 
locate p o t ential control p o i n t s  for use in g e o g r a p h i c a l l y  
r e f e r e n c i n g  the HS S  data. Control p o i n t s  c o m m o n  to all HSS 
d ata s e t s  u e r e  used u h e n e v e r  they c o u l d  be found. T h i s  
e n s u r e d  that s i m i l a r  t r a n s f o r m a t i o n s  of e a c h  d a t a  Bet u o uld 
be a c h i e v e d  and t h e r e b y  reduce the r e g i s t r a t i o n  err o r 
b e t u e e n  sceneB. E a c h  poi n t  u a s  first p l o t t e d  on a 
1 : 2 4 . 0 0 0 - s c a l e  t o p o g r a p h i c  ma p  and a l s o  on the g r a y  map 
(elect r o s t a t i c  plot). Next the digital H S S  d a t a  of each 
s c e n e  u e r e  v i e u e d  on the c o m p u t e r  image d i s p l a y  and the area 
a r o u n d  e a c h  p o i n t  u a s  e n h a n c e d  so that the individual pixel 
for e a c h  point c o u l d  be dete r m i n e d .  A m o v a b l e  g r a p h i c  
target (cursor) ua s  u s e d  to read the e l e m e n t  (X) and line 
(Y) p o s i t i o n  for e a c h  point. T h e s e  v a l u e s  u e r e  r e c o r d e d  
u i t h  the c o r r e s p o n d i n g  U n i versal T r a n s v e r s e  M e r c a t o r  (UTH) 
c o o r d i n a t e s  read from the t o p o g r a p h i c  maps. All c o o r d i n a t e  
p a i r s  u e r e  then e n t e r e d  into a r o u t i n e  u h i c h  d e t e r m i n e d ,  by 
least s q u a r e s  fit, tuo e q u a t i o n s  u s e d  to r e s a m p l e  the HSS 
d ata into a UTH c o o r d i n a t e  grid. P o i n t s  u i t h  h i g h  residual 
e r r o r  u e r e  a u t o m a t i c a l l y  d i s c a r d e d  d u r i n g  this process. 
N e a r e s t - n e i g h b o r  r e s a m p l i n g  ua s  used. No feuer than 14 
p o i n t s  for a n y  HS S  d a t a  set u e r e  u s e d  to g e o r e f e r e n c e  the
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data of the study area. Scattergrams were used to determine 
if the final points Here well distributed throughout the 
Btudy area.
A s i m p l e  t e c h n i q u e  was d e v e l o p e d  to c h e c k  the 
g e o r e f e r e n c e d  o u t p u t  a n d  to c o r r e c t  m i n o r  e r r o r s  in data 
registr a t i o n .  Each g e o  r e f e r e n c e d  d a t a  set wa s  v i e w e d  on the 
image display. C o n trol p o i n t s  w e r e  then r e l o c a t e d  by 
e n t e r i n g  a c o m m a n d  w h i c h  p l a c e d  the g r a p h i c  target on a 
s p e c i f i e d  U T M  location. Next, the e l e m e n t  and line 
c o o r d i n a t e s  w e r e  read at that location. Finally, the target 
w a s  m o v e d  to the a p p a r e n t  c o r r e c t  l o c a t i o n  for e a c h  p o i n t  
an d  the e l e m e n t  an d  line c o o r d i n a t e s  w e r e  a g a i n  noted. 
D i f f e r e n c e s  b e t w e e n  th e  g e o r e f e r e n c e d  and actual l o c a t i o n  of 
e a c h  p o int were r e c o r d e d  as o f f s e t s  <±x.+y). Th e  
Bum of the o f f s e t s  in e a c h  d i r e c t i o n  d i v i d e d  by the total 
p o i n t s  g a v e  an a v e r a g e  of f s e t  by w h i c h  to a d j u s t  e a c h  d a t a  
set. D a t a  s h i f t i n g  w a s  a c c o m p l i s h e d  by m o d i f i c a t i o n  of the 
g e o g r a p h i c  l o c a t i o n  d a t a  s t o r e d  in e a c h  file h e a d e r  record. 
T h e s e  t e c h n i q u e s  r e s u l t e d  in s c e n e - t o - s c e n e  r e g i s t r a t i o n  
e r r o r s  of less than on e  pixel.
Th e  TM d a t a  w e r e  p r o c e s s e d  in the s a m e  way e x c e p t  that 
B a n d s  2 an d  4 p l o t s  w e r e  U B e d  for the initial control p o i n t  
select i o n .  T h i r t y - t w o  p o i n t s  w e r e  u s e d  to d e v e l o p  the 
t r a n s f o r m a t i o n  e q u a t i o n s  to r e s a m p l e  the TM d a t a  to UTM 
c o o r d i n a t e s .  R e s a m p l e d  p i x e l s  w e r e  25 -  by 2 5 - m  for the TM 
d a t a  a n d  5 0 -  by 5 0 - m  for MSS.
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C 1oud Mask Generati on
The J a n u a r y  1983 and July 1978 M S S  d a t a  s e t s  both 
c o n t a i n e d  a s i g n i f i c a n t  a m o u n t  of clouds. All c l o u d s  a n d  
s h a d o u s  h a d  to be e l i m i n a t e d  from all d a t a  s e t s  to reduce 
p o s s i b l e  s a m p l i n g  a n d  t e s t i n g  biases. A r e a s  u i t h  c l o u d s  and 
B h a d o u s  r e p r e s e n t e d  a r e d u c e d  p o p u l a t i o n  of p o tential 
s a m p l e s  an d  thus u e r e  not c o m p a r a b l e  to c l o u d - f r e e  a r e a s  in 
other s c e n e s  for c l a s s i f i c a t i o n  d i f f e r e n c e s .  Therefore, 
a r e a s  of c l o u d  and s h a d o w  u e r e  m a s k e d  out of all d a t a  sets.
Two t e c h n i q u e s  u e r e  t e s t e d  for c l o u d  e l i m i n a t i o n :  
m a x i m u m  l i k e l i h o o d  c l a s s i f i c a t i o n  a n d  d e n s i t y  slicing. In 
the first, ten c l o u d  and ten s h a d o w  t r a i n i n g  fields were 
s e l e c t e d  in the J a n u a r y  1983 M S S  d a t a  by g r a p h i c  d e l i n e a t i o n  
of the features on the image display. T h e s e  t r a i n i n g  fields 
w e r e  used to e x t r a c t  s p e c t r a l  s i g n a t u r e s  (statistical 
r e p r e s e n t a t i o n s  of e a c h  feature) from the data.
C o m b i n a t i o n s  of 2 b a n d s  £(4.5). (5.7). (4.6)1. and four— band
(4.5.6.7) s i g n a t u r e s  u e r e  u s e d  w i t h  the m a x i m u m  l i k e l i h o o d  
c l a s s i f i c a t i o n  a l g o r i t h m  to i d e n t i f y  the two classes.
Several c l a s s i f i c a t i o n  t h r e s h o l d  levels u e r e  u s e d  u i t h  all 
fou r - b a n d  c o m b i n a t i o n s .  T h e s e  p r o c e d u r e s  di d  not result in 
a s a t i s f a c t o r y  c l o u d  m a s k  so the s e c o n d  t e c h n i q u e  uas 
attempted.
De n s i t y  s l i c i n g  u a s  u s e d  on e a c h  b a n d  to i s o l a t e  c l o u d s  
and s h a d o u s  from all o t h e r  data. A l o o k - u p  t a b l e  wa s  b u i l t  
for e a c h  band to r e p l a c e  c l o u d  an d  s h a d o u  pixel v a l u e s  uith 
o n e s  and all other v a l u e s  w i t h  zeros. All the m o d i f i e d
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b a n d s  in e a c h  s c e n e  w e r e  then a d d e d  t o g e t h e r  into a s i n g l e  
ou t p u t  file. At this poi n t  a v a l u e  of four r e p r e s e n t e d  
c l o u d  or s h a d o w  b a s e d  on all four b a n d s  for e a c h  scene. The
o u t p u t  files from the J a n u a r y  1983 a n d  July 1978 d a t a  w e r e
then c o m b i n e d  to p r o d u c e  an overall mask. T h i s  "cl o u d  mask" 
uas then s u b j e c t e d  to a d i gital filter w h i c h  e l i m i n a t e d  
Bmall a r e a s  w h i c h  u e r e  not c l o u d s  or shadous. A r o u t i n e  
c a l l e d  G R O W  uas then u s e d  to e n l a r g e  the c l o u d  and B h a d o u  
a r e a s  by two pixel uidths. thus c r e a t i n g  a b u f f e r  z o n e  
a r o u n d  e a c h  feature. T h i s  final mask uas u s e d  to m o d i f y  the 
g r o u n d - v e r i f i c a t i o n  m a p  b o that only c l o u d - f r e e  a r e a s  c o u l d  
be s p e c t r a l l y  t r a i n e d  u p o n  and tested (Figure 7). Th e  mask 
(50- by 5 0 - m  pixels) w a s  r e s a m p l e d  to 25- by 2 5 - m  p i x e l s  for 
use with the TM data.
S e l e c t i o n  of MS S  S c e n e s
Th e  r e m a i n i n g  four s c e n e s  of M S S  d a t a  (July 1978.
J a n u a r y  1979. M a r c h  1979. an d  J a n u a r y  1983) u e r e  e a c h
s u b j e c t e d  to t h r e e  u n s u p e r v i s e d  c l a s s i f i c a t i o n s .  The 
r e sults of t h ese p r o c e d u r e s  u e r e  used to s e l e c t  the best 
t h r e e  d a t a  s e t s  u h i c h  u o u l d  be useful in a n a l y s i s  of the 
s t u d y  area. Final s e l e c t i o n  uas a c t u a l l y  made on o n l y  one 
compa r i s o n .  J a n u a r y  1979 v e r s u s  M a r c h  1979. Th e  J u l y  1978 
d a t a  uere r e t a i n e d  b e c a u s e  this u a s  the o n l y  g r o u i n g - s e a s o n  
s c e n e  o b t a i n e d  for the project. T h e  MS S  d a t a  for J a n u a r y  
1983 u e r e  kept for u s e  in c o m p a r i s o n s  to the TM d a t a  u h i c h  
i n c l u d e d  t e s t s  for d i f f e r e n c e s  in spatial, spectral, and 
q u a n t i z a t i o n  resolution.
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F i g u r e  7
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G r o u n d - v e r i f i c a t i o n  d a t a  Bet s b  s e e n  on the 
col o r  c o m p u t e r  d i s p l a y  (clouds a n d  u n u s e d  s t a n d s  
d e p i c t e d ) .
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Claaai f icat ion p r o c e d u r e s .—  M a x i m u m  likelihood 
c l a s s i f i c a t i o n s  u e r e  p e r f o r m e d  b a s e d  o p s t a t i s t i c s  u h ich 
w e r e  d e r i v e d  by two c l u s t e r i n g  t e c h n i q u e s  (Search an d  Point 
Cluster). S e a r c h  (SRCH) is an E L A S  m o d u l e  u h i c h  U B e s  a 
m o v i n g  u i n d o u  of 3 - b y - 3  p i x e l s  to o b t a i n  spec t r a l  s i g n a t u r e s  
from MSS data.
A mean, s t a n d a r d  deviation, and c o e f f i c i e n t  of 
v a r i a t i o n  w e r e  c a l c u l a t e d  for e a c h  band in e a c h  p o s s i b l e  
u i n d o u  in the data. T h e s e  v a l u e s  u e r e  c h e c k e d  a g a i n s t  
u s e r - d e f i n e d  v a l u e s  u h i c h  set the limits for the d e f i n i t i o n  
of spectral h o m o g e n e i t y .  E a c h  s i g n a t u r e  u h i c h  fitted the 
d e f i n i t i o n  u a s  saved. Th e  s i x t i e t h  s i g n a t u r e  found c a u s e d  
the a l g o r i t h m  to c o m b i n e  the tuo most B i m i l a r  signatures. 
T h i s  p r o c e s s  uas r e p e a t e d  until the e n t i r e  d a t a  set had been 
searched. T h e  n u m b e r  of final s i g n a t u r e s  uas d e t e r m i n e d  by 
a u s e r - s e t  v a l u e  for m a x i m u m  a l l o u a b l e  spectral classes.
S R C H  a l s o  d e t e r m i n e d  an a priori v a l u e  (pro b a b i l i t y  
u e i g h t i n g  factor) b a s e d  on the total n u m b e r  of p i x e l s  uhich 
u e r e  used to d e f i n e  e a c h  c l a s s  signature. Th e  a priori 
v a l u e s  d i f f e r e n t i a l l y  ue i g h t  the d e c i s i o n  rule used for 
m a x i m u m  l i k e l i h o o d  c l a s s i f i c a t i o n .
S R C H  u a s  run on all c l o u d - f r e e  data for the four 
a b o v e - m e n t i o n e d  L a n d s a t  scenes. It uas run once to p r o d u c e  
s i g n a t u r e s  for all four b a n d s  in e a c h  scene, and once on 
B a n d s  5 a n d  7 only. T h e  p a r a m e t e r s  u h i c h  u e r e  u s e d  to 
d e f i n e  stati s t i c a l  h o m o g e n e i t y  u e r e  set as follous:
S D U B  (Standard D e v i a t i o n  U p p e r  Bound) = 1.0.
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S DLB (Standard D e v i a t i o n  L o w e r  Bound) = 0.1,
CQ V  (Coefficient of V a r i a t i o n )  = 0.001. and
M A X C  (Maximum Classes) = 60.
E a c h  c o m p a r t m e n t  w a s  c l a s s i f i e d  b a s e d  on the s t a t i s t i c s
d e r i v e d  by u s e  of the a b o v e  p r o cedures.
A n o t h e r  s t a t i s t i c a l  proced u r e .  P T C L  (point cluster) was 
a l s o  used to p r o c e s s  e a c h  M S S  scene. T h i s  p r o c e d u r e  was 
s i m i l a r  to S R C H  e x c e p t  that i n stead of windows, e a c h  pixel 
u a s  c o n s i d e r e d  in the c l u s t e r i n g  process. P T C L  uas 
p e r f o r m e d  on e a c h  c o m p a r t m e n t  so that the final s t a t i s t i c s  
u e r e  r e p r e s e n t a t i v e  of all the c o m p a r t m e n t s  to the e x c l u s i o n  
of the r e m a i n d e r  of the s t u d y  area. P a r a m e t e r s  for 
h o m o g e n e i t y  u e r e  set the s a m e  as u e r e  u s e d  in SRCH. M a x i m u m  
l i k e l i h o o d  c l a s s i f i c a t i o n s  w e r e  then p e r f o r m e d  on all four 
d a t a  sets.
Ev a l u a t  ion o f M S S  c 1assi f icat i one .—  S t a t i s t i c s  from 
b o t h  M S S  c l a s s i f i c a t i o n s  u e r e  u s e d  to e v a l u a t e  the general 
i n f o r m a t i o n  c o n t e n t  of e a c h  d a t a  set. A m e a s u r e  of 
v e g e t a t i o n  " g r e e n n e s s "  s i m i l a r  to that used by K h o r r a m  and 
K a t i b a h  (1981) uas a p p l i e d  to e a c h  set of s t a t i s t i c s .  This  
u a s  d o n e  by c a l c u l a t i n g  a ratio of the B a n d  7 m e a n  to the 
B a n d  5  mean for e a c h  signat u r e .  T h e  ratio v a l u e s  (IR 
d i v i d e d  by red) are v e g e t a t i o n  i n d i c e s  for e a c h  s i g n a t u r e  
set. H i g h e r  ratios i n d i c a t e d  a h i g h e r  l i k e l i h o o d  of g r e e n  
v e getation. T h e  r a t i o s  w e r e  s u m m e d  over e a c h  d a t a  set and 
d i v i d e d  by the nu m b e r  of classes. T h i s  g a v e  a mean 
v e g e t a t i o n  index for e a c h  set of signa t u r e s .  T h e  s t a n d a r d
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d e v i a t i o n  for e a c h  m e a n  was a l s o  c a lculated. T h i s 
i n f o r m a t i o n  was u s e d  to d e t e r m i n e  w h ich MSS d a t a  s e t s  w o u l d 
be used in the study. Th e  J a n u a r y  1983. M a r c h  1979. and 
J uly 1978 s c e n e s  w e r e  s e lected. A d i s c u s s i o n  of the 
s e l e c t i o n  is g i v e n  in the R e s u l t s  an d  D i s c u s s i o n  s e c t i o n  of 
thiB report.
F o r e s t  A n a l y s i s  wi th L a n d s a t  Data 
L a r g e  a m o u n t s  a n d  d i f f e r e n t  types of spectral and 
a n c i l l a r y  data m a d e  s e l e c t i o n  of the most a p p r o p r i a t e  data 
s e t s  (combinations) a n  a l m o s t  i n s u r m o u n t a b l e  task. C o m b i n e d  
w i t h  this p r o b l e m  u a s  the m u l t i t u d e  of p o tential digital 
p r o c e s s i n g  s c e n a r i o s  w h i c h  are a v a i l a b l e  in ELAS. N u m e r o u s  
data p r o c e s s i n g  t r i a l s  w e r e  p e r f o r m e d  on the L a n d s a t  TM and 
MSS d a t a  b e f o r e  the final p r o c e d u r e s  for this s t u d y  were 
selected. One data set c o m p o s e d  of six c h a n n e l s  of TM data 
(all but the thermal) was used. Th e  thermal d a t a  had a much 
lower r e s o l u t i o n  (120 m) than the o t her d a t a  and s e e m e d  to 
be of limited v a l u e  for the project. Two s e t s  of L a n d s a t  
MS S  d a t a  w e r e  a l s o  ana l y z e d :  1) the July 1978 an d  M a r c h  1979 
d a t a  w e r e  c o m b i n e d  into an e i g h t - c h a n n e l  data set; 2)
J a n u a r y  1983 MS S  d a t a  (four channels) w e r e  p r o c e s s e d  
sepa r a t e l y .  U n s u p e r v i s e d  a n d  s u p e r v i s e d  c l a s s i f i c a t i o n  
p r o c e d u r e s  were c a r r i e d  out on e a c h  of the t h ree a b o v e -  
m e n t i o n e d  d a t a  sets. The f o l l o w i n g  s e c t i o n s  deal p r i m a r i l y  
with the p r o c e d u r e s  a s  a p p l i e d  e q u a l l y  to all thr e e  Bets of 
data.
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U n s u p e r v i B e d  C l a s s i f  icati on P r o c e d u r e s
A t h e o r e t i c a l l y  s o u n d  a p p r o a c h  to spectral 
c l a s e i f i c a t i o n  is the us e  of a c l u s t e r i n g  a l g o r i t h m  (such as 
SRCH)' u h i c h  d e t e r m i n e s  h o m o g e n e o u s  spectral g r o u p s  that 
o c cur n a t u r a l l y  u i t h i n  the data. However, a u t o m a t i c a l l y  
i d e n t i f i e d  spec t r a l  c l a s s e s  o f t e n  do not fall u i t h i n  the 
d e f i n i t i o n s  of c a t e g o r i e s  u h i c h  ar e  d e t e r m i n e d  on the b a s i s 
of e c o l o g i c a l  s e g r e g a t i o n  or m a n a g e m e n t  potential. T h i s 
p r e m i s e  uas i n v e s t i g a t e d  by us e  of the p r o c e d u r e s  g i v e n  
belou.
S i g n a t u r e  g e n e r a t  i o n .—  The S R C H  (Search) m o d u l e  of 
E L A S  ua s  used to d e v e l o p  c l u s t e r  c l a s s  spectral s i g n a t u r e s  
from all thr e e  L a n d s a t  d a t a  sets. S R C H  u a s  d e s c r i b e d  in the 
s e c t i o n  on S e l e c t i o n  of MS S  S c e n e s  ( C l a s s i f i c a t i o n  
P r o c e dures). S R C H  uas run i n d e p e n d e n t l y  on e a c h  d a t a  set 
u i t h  the f o l l o u i n g  p a r a m e t e r s  (these ar e  E L A S  default  
v a l u e s ) :
SDUB
o•iHII
S D L B •>
H•oII
C O V = 5.0. and
S D I S n U • o
T h r e e  groups of spectral signatures (one for each data set) 
u e r e  produced by thiB procedure.
As m e n t i o n e d  prev i o u s l y .  SDUB. SDLB. a n d  C O V  a r e  
p a r a m e t e r s  u h i c h  d e t e r m i n e  the c o m p a r a t i v e  d e f i n i t i o n  for 
h o m o g e n e i t y  of spec t r a l  signa t u r e s .  S D I S  (Scaled Distance)
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1b the v a l u e  used for c o m p a r i s o n  of i n t e r c l a s s  s t a t i s t i c a l  
d i s t a n c e  to d e t e r m i n e  w h e n  s i m i l a r  c l a s s  s t a t i s t i c s  s h o u l d  
be merged. E a c h  set of c l a s s  s t a t i s t i c s  from S R C H  uas input 
to the m a x i m u m  l i k e l i h o o d  (MAXL) c l a s s i f i e r  in E L A S  and 
a u t o m a t i c a l l y  d e r i v e d  a priori v a l u e s  w e r e  used. 
C l a s s i f i c a t i o n  t h r e s h o l d s  (based on the c h i - s q u a r e d  
s t a t i s t i c )  u e r e  not u s e d  so that all p i x e l s  in the d a t a  uere 
c l a s s i f i e d .  M A X L  u s e d  the c l a s s  s t a t i s t i c s  to c a t e g o r i z e  
e a c h  pixel in the c o r r e s p o n d i n g  d a t a  s e t s  into the most 
lik e l y  c o r r e c t  class. T h e  o u t p u t  w a s  in the form of a 
s i n g l e - c h a n n e l  d i gital file in u h i c h  e a c h  pixel u a s  a s s i g n e d  
an integer v a l u e  u h i c h  c o r r e s p o n d e d  to the most c l o s e l y  
r e l a t e d  spec t r a l  class.
C l a s B  ident i f i cat i o n .—  E a c h  u n B u p e r v i s e d  
c l a s s i f i c a t i o n  was c o m p a r e d  by us e  of ACTB ( a c curacy table) 
to the g r o u n d - v e r i  f i c a t i o n  m a p  of the n i n e  test 
c o m p a r t m e n t s .  A c o - o c c u r r e n c e  t a ble u a s  d e v e l o p e d  for all 
spect r a l  by all g r o u n d - v e r i f i c a t i o n  classee. T h i s  uas a 
s o m e w h a t  b i a s e d  a p p r o a c h  to c l a s s  i d e n t i f ication. However, 
spect r a l  c l a s s  i d e n t i f i c a t i o n  a f t e r  c l a s s i f i c a t i o n  ha s  been 
u s e d  in o t h e r  p r o j e c t s  (Bxrdsey et al. 1984. M a y e r  et al. 
1979). T h i s  a u t o m a t e d  t e c h n i q u e  u o u l d  s e e m  to be a more 
p r a c t i c a l  way to i d e n t i f y  the s p e c t r a l  c l a s s e s  d e r i v e d  from 
u n s u p e r v i s e d  s i g n a t u r e  training. M e t h o d s  u s e d  in o t her 
p r o j e c t s  for c l a s s  i d e n t i f i c a t i o n  h a v e  b e e n  b a s e d  p r i m a r i l y  
on manual r e g r o u p i n g  of s p e c t r a l  c l a s s e s  rather than digital 
c o m p a r i s o n  of the c l a s s i f i c a t i o n  m a p s  to g r o u n d - v e r i f i c a t i o n
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data. I n t e r p r e t a t i o n  of the c o - o c c u r r e n c e  tab l e s  p r e s e n t e d  
in this p r o j e c t  was e x p e c t e d  to b e t t e r  s h o w  the 
r e l a t i o n s h i p s  b e t u e e n  the s p e c t r a l l y  h o m o g e n e o u s  c l a s s e s  and 
p h o t o i n t e r p r e t e d  v e r i f i c a t i o n  data. Spec t r a l  c l a s s e s  w h ich 
b e s t  d e f i n e d  e a c h  v e r i f i c a t i o n  c l a s s  u e r e  g r o u p e d  and a 
final a g r e e m e n t  uas d e t e r m i n e d .  D e t a i l s  of these p r o c e d u r e s  
are g i v e n  in the A g r e e m e n t  A n a l y s i s  section.
S u p e r v i s e d  C l a s s i f i c a t i o n  P r o c e d u r e s
Ideally, a d a t a  a n a l y s t  B h o u l d  be a b l e  to iden t i f y  
a r e a s  of k n o w n  c o m p o s i t i o n  u i t h i n  the spec t r a l  d a t a  an d  then 
h a v e  a c o m p u t e r  find all other s p e c t r a l l y  s i m i l a r  areas.
T h i s  a p p r o a c h  has e x c e l l e n t  b a s i s  for use in a r e a s  w h e r e 
d e t a i l e d  g r o u n d  i n f o r m a t i o n  is available. Succes s f u l  
r e s u l t s  by this type of t e c h n i q u e  are oft e n  c o n s i s t e n t l y  
r e p e a t a b l e  s i n c e  r e d e f i n i t i o n  of u n k n o w n  c l a s s e s  (as in 
SRCH) is not n e c c e s s a r y  a f t e r  e a c h  s i g n a t u r e  d e v e l o p m e n t  
phase. T h e  m a jor d r a u b a c k  to s u p e r v i s e d  spec t r a l  t r a i n i n g  
is that o f t e n  the t r a i n i n g  a r e a s  do not rep r e s e n t  forest 
feat u r e s  u h i c h  ar e  s p e c t r a l l y  separable.
S i g n a t u r e  d e v e l o p m e n t .—  An e l e c t r o s t a t i c  p l o t  was made 
of the g r o u n d - v e r i f i c a t i o n  ma p  for e a c h  v o l u m e  class. Only 
a r e a s  i n t e r p r e t e d  as 0 - 3  ASUI u e r e  sampled. T h i B  ua s  d o n e  
to insure that the s p e c t r a l  s a m p l e s  u o u l d  be r e a s o n a b l y
u
h o m o g e n e o u s .  T h e  c o v e r  t y p e B  u i t h i n  e a c h  v o l u m e  c l a s s  u e r e 
a s s i g n e d  d i f f e r e n t  g r a y  levels. Th e  p l o t s  w e r e  used to 
l ocate a r e a s  u h i c h  s e r v e d  as t r a i n i n g  s a m p l e s  for e a c h 
c o v e r - v o l u m e  class. G r o u n d - v e r i f i c a t i o n  c l a s s e s  w h i c h  were
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too small w e r e  e l i m i n a t e d  from the s a m p l i n g  p r ocedures. All 
o t her c l a s s e s  w e r e  s a m p l e d  u i t h  from 3 to 11 t r a i n i n g  fields 
of from 9 to 26 p i x e l B  in size. T h e s e  s a m p l e s  w e r e  first 
located (drawn) on the p l o t s  an d  then i d e n t i f i e d  on the 
c o l o r  display. The t r a i n i n g  fi e l d s  w e r e  then o u t l i n e d  
g r a p h i c a l l y  on the c o l o r  d i s p l a y  a n d  the s p e c t r a l  d a t a  were 
e x t r a c t e d  from each d a t a  set. B o u n d a r y  p i x e l s  b e t w e e n  
c l a s s e s  uere a v o i d e d  to m i n i m i z e  s p e c t r a l  e d g e  e f f e c t s  in 
the sign a t u r e s .  Spect r a l  s t a t i s t i c s  u i t h  h i g h  u i t h i n - c l a s s  
d i v e r g e n c e  (not s i m i l a r  to o t h e r  s i g n a t u r e s  in the s a m e  
class) uere d i s c a r d e d  pri o r  to f o r m a t i o n  of the final c l a s s  
si g natures. On e  s p e c t r a l  s i g n a t u r e  wa s  then formed for e a c h  
c l a s s  by c o m b i n i n g  the r e m a i n i n g  s i g n a t u r e s .  S i g n a t u r e s  
w e r e  d e v e l o p e d  in this f a s h i o n  for all t h ree L a n d s a t  data 
sets.
ClaBsi f i c a t i o n .—  M A X L  w a s  u s e d  on e a c h  L a n d s a t  data  
set. A priori wa s  not used s i n c e  the true d i s t r i b u t i o n  of 
spectral c l a s s e s  u a s  no t  k n o w n  for the e n t i r e  s t u d y  area. 
C l a s s i f i c a t i o n  t h r e s h o l d i n g  u a s  a l s o  d i s r e g a r d e d  so that all 
p i x e l s  w o uld be c l a s s i f i e d .  T h i s  u a s  n e c c e s B a r y  in order to 
test the c l a s s i f i c a t i o n  r e s u l t s  a g a i n s t  all p i x e l s  in the 
g r o u n d - v e r i f i c a t i o n  data. S u p e r v i s e d  c l a s s i f i c a t i o n  was 
repe a t e d  in the s a m e  m a n n e r  for e a c h  d a t a  set.
Modi fica t i o n  by so i 1s d a t a .—  I n s p e c t i o n  of the initial 
TM s u p e r v i s e d  c l a s s i f i c a t i o n s  i n d i c a t e d  that t h e r e  t e n d e d  to 
be c l a s s i f i c a t i o n  c r o s s - o v e r s  b e t w e e n  the longleaf and 
lobl o l l y  classes* an d  a l s o  b e t w e e n  the lobl o l l y  and h a r d w o o d
groupB. T h e s e  a r e a s  of u n c e r t a i n t y  w e r e  i n s p e c t e d  v i s u a l l y  
in r e l a t i o n  to the s o i l s  m a p  as v i e w e d  on the c o l o r  image 
display. O b s e r v a t i o n s  i n d i c a t e d  s t r o n g  t e n d e n c i e s  for s o m e  
of the forest t y pes to fall on c e r t a i n  soils. Therefore. 
A C T B  u a s  u s e d  to c a l c u l a t e  c o - o c c u r r e n c e  p r o b a b i l i t i e s  of 
e a c h  g r o u n d - v e r i f i c a t i o n  type on e a c h  soil (Table 2). T h e s e  
p r i o r  p r o b a b i l i t i e s  w e r e  u s e d  to m o d i f y  the s u p e r v i s e d  
c l a s s i f i c a t i o n s  b a s e d  on the f o l l o w i n g  d e c i s i o n s :  any type
u h i c h  ua B  b e l o w  10 p e r c e n t  p r o b a b i l i t y  of o c c u r r e n c e  was 
r e n a m e d  as a n o t h e r  type: r e n a m i n g  of t y pes uas not to the
m o s t  p r e v a l e n t  type bu t  instead, to the m o s t  logical 
e c o l o g i c - s p e c t r a l  transition. For instance, longleaf p i n e 
on a b o t t o m l a n d  soil u a s  r e n a m e d  as l o b l o l l y  rather than 
har d w o o d .  loblolly p i n e  on s o m e  r i d g e - c r e s t  s o i l s  uas 
r e n a m e d  longleaf; h a r d w o o d s  i d e n t i f i e d  on ridge s o i l s  were 
re n a m e d  loblolly. In this way. e c o l o g i c a l  p r e f e r e n c e  of the 
t y p e B  u a s  at least p a r t i a l l y  a c c o u n t e d  for on the 
c l a s s i f i c a t i o n s  w i t h o u t  t o t a l l y  e l i m i n a t i n g  the p r e v i o u s l y  
d e f i n e d  spectral i n f o r m a t i o n  of the forest classes. T a b l e  3 
is a listing of the r e n a m e d  forest types b a s e d  on the 
p r o b a b i l i t i e s  g i v e n  in T a b l e  2. A g r e e m e n t  a n a l y s i s  uas 
p e r f o r m e d  on the s o i l - m o d i f i e d  c l a s s i f i c a t i o n s  as tested by 
the original t r a i n i n g  fields an d  U S F S  s t a n d  polygons. The 
a g r e e m e n t  p r o c e d u r e s  a r e  d i s c u s s e d  in s e c t i o n s  u h i c h  follow.
A g r e e m e n t  A n a l y s i s
A g r e e m e n t s  b e t w e e n  the forest c l a s s i f i c a t i o n  and the 
g r o u n d - v e r i f i c a t i o n  w e r e  t e s t e d  in t h ree ways. T h e  first.
65
T a b l e  2. P r o b a b i l i t i e s  of o c c u r r e n c e  of forest c l a s s e s  on
soil s e r i e s  as c a l c u l a t e d  from c o - o c c u r r e n c e  of the 
two a t t r i b u t e s  in g r o u n d - v e r i f i c a t i o n  and s o i l s  
digital m a p  data.
Soi 1 
ser ies
SI ope 
c 1 ass
F o r e s t  c l a s s 1
L o n g l e a f  p i n e L o b l o i l y  p i n e H a r d u o o d s
Pe r c e n t
B r i l e y side 77.91 3. 68 18. 40
B r i l e y c rest 76. 17 5. 39 12.69
Bet is side 3 2 . 6 9 3 5 .69 20. 92
Bet is c rest 41. 75 32. 28 14. 12
K i s a t c h i e c rest 39. 43 42. 08 6. 10
K i s a t c h i e side 33. 37 44. 27 16. 50
K i s a t c h i e c rest 23. 07 42. 0 6 5. 13
A n a c o c o crest 32. 11 5 1 . 7 4 10.57
Kei t h v i 1 le cr est 51. 66 42. 8 2 3. 04
Mai bis c rest 63. 19 26. 03 5.52
Bel 1uood c rest 48. 36 43. 83 5. 27
Bel 1uood side 11.91 50. 17 24. 41
R u B t o n c r e s t 5 9 . 0 0 26. 41 9. 14
G u y t o n b o t t o m 7.92 3 0 . 3 7 59.84
i P r o b a b i 1 ities for the open c l a s s  u e r e  not included.
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T a b l e  3. Original and new forest c l a s s  d e s i g n a t i o n s ,  by soil 
s e r i e s  (derived from p r o b a b i l i t y  i n f o r m a t i o n  in 
T a b l e  2).
Orig i n a l  forest c l a s s
L o n g l e a f  p i n e  L o b l o l l y  p i n e  H a r d w o o d s
k J U  X X
s e r i e s c 1 ass New forest c l a s s  d e s i g n a t i o n
Br i 1ey s i d e 1o n g l e a  f 1on g leaf h a r d w o o d
B r i l e y c rest longleaf 1on g l e a f h a r d w o o d
B e t i s si de 1o n g 1eaf loblo l l y h a r d w o o d
B e t i s  .. crest 1o n g 1ea f 1ob l o l l y h a r d w o o d
K i s a t c h i e crest 1ongleaf 1 o b i o l l y 1 o b i o 11y
K i s a t c h i e s i d e longleaf loblo l l y h a r d w o o d
K i s a t c h i e c r est 1o n g leaf 1 o b i o 11y 1 o b i o 11y
A n a c o c o c rest longleaf 1 o b i o 11y h a r d w o o d
Kei t h v i 11e c rest 1o n g leaf lobl o l l y 1 o b i o 11y
Hal bis crest longleaf lobl o l l y 1 o b i o 11y
Bel 1w o o d c r est 1o n g 1eaf l o b l o l l y loblolly
B e l l u o o d s i d e 1o b l o l l y 1 o b i o 11y h a r d w o o d
R u s t o n c r est longleaf loblolly 1 obi oily
G u y t o n bo t t o m loblolly lobl o l l y h a r d w o o d
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an d  most s t r a i g h t f o r w a r d  approach^ u a s  to test all p o s s i b l e  
p i x e l s  in all n i n e  test c o m p a r t m e n t s .  The s e c o n d  wa s  to 
c h e c k  a g r e e m e n t  of the s u p e r v i s e d  c l a s s i f i c a t i o n  to the 
t r a i n i n g  polygons. A final m e t h o d  u a s  to d e t e r m i n e  hou well 
the U S F S  s t a n d s  u e r e  identified. T h e  last tuo p r o c e d u r e s  
u e r e  u B e d  o n l y  for the p r o d u c t s  d e r i v e d  from the s u p e r v i s e d  
c l a s s i f i c a t i o n s .  T h e  u n s u p e r v i s e d  c l a s s i f i c a t i o n s  u e r e  not 
te s t e d  u i t h  the t r a i n i n g  or s t a n d  p o l y g o n s  b e c a u s e  the 
u n s u p e r v i s e d  c l a s s e s  u e r e  r e d e f i n e d  for e a c h  c l a s s i f i c a t i o n .  
A n o n - r e p e a t a b l e  p r o c e s s  s u c h  as t h i s  ua s  not c o n d u c i v e  to 
t e s t i n g  w i t h  a s t a n d a r d  set of g r o u n d  v e r i f i c a t i o n .
S t a n d B  u h i c h  u e r e  s u s p e c t e d  of b e i n g  m o d i f i e d  by forest 
m a n a g e m e n t  a c t i v i t i e s  (according to C I S C  l i s t i n g s ) . or those 
w i t h  s u b s t a n t i a l  c l o u d  cover, u e r e  not teBted in an y  of the 
a b o v e - m e n t i o n e d  p r o c e d u r e s .  The f o l l o w i n g  s u b s e c t i o n s  
a d d r e s s  e a c h  type of a g r e e m e n t  test.
All pixel t e s t i n g .—  C o n f u s i o n  t a b l e s  u e r e  g e n e r a t e d  by 
U B e  of ACTB. u h i c h  c o m p a r e d  both the u n s u p e r v i s e d  and 
s u p e r v i s e d  c l a s s i f i c a t i o n s  to the g r o u n d - v e r i f i c a t i o n  data. 
E a c h  c l a s s i f i c a t i o n  u a s  s u p e r i m p o s e d  d i g i t a l l y  on the 
g r o u n d - v e r i f i c a t i o n  data. ACTB then d e t e r m i n e d  c o ­
o c c u r r e n c e  of all c l a s s i f i c a t i o n  on all v e r i f i c a t i o n  pixels. 
T h e  r e s u l t s  u e r e  a n a l y z e d  in s e veral ways.
All original c o v e r  t y p e s  (open. 1o n g l e a f - s l a s h  pine, 
l o b l o l l y - s h o r t l e a f  pine, an d  harduo o d s )  u e r e  te s t e d  for 
a g r e e m e n t  for e a c h  c l a s s i f i c a t i o n .  A g r e e m e n t  ua s  also 
d e t e r m i n e d  u i t h o u t  the o p e n  c a tegory. A n o t h e r  test uas to
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a n a l y z e  the ACTB i n f o r m a t i o n  by c o m b i n i n g  the tuo p i n e  
c a t e g o r i e s  b e f o r e  p e r f o r m i n g  a g r e e m e n t  d e t e r m i n a t i o n s  with 
a n d  w i t h o u t  the open class. All A S U 1 c o n d i t i o n s  w e r e  tested 
in a g g r e g a t e  (0-6 ASUI combined) for the s e  com p a r i s o n s .
Th e  TM s u p e r v i s e d  c l a s s i f i c a t i o n s  w e r e  a l s o  t e s t e d  for 
the original and r e c o m b i n e d  forest t y pes a s  b l o c k e d  by 
volume. T h i s  was d o n e  b e c a u s e  the v o l u m e  c l a s s e s  w e r e  
e x p e c t e d  to have s o m e  e f f e c t  on spec t r a l  s e p a r a b i l i t y  of the 
forest types. O p e n  a r e a B  u e r e  e x c l u d e d  from t h ese tests.
T r a i n i n g  p o 1ygon test i n a .—  Pixel f r e q u e n c y  
d i s t r i b u t i o n s  of the c l a s s i f i c a t i o n  c a t e g o r i e s  were o b t a i n e d  
for e a c h  of the t r a i n i n g  polygons. Tuo m e t h o d s  of a g r e e m e n t  
e v a l u a t i o n ^ u e r e  u s e d  to a n a l y z e  the r e s u l t i n g  d i s t r i b u t i o n s .
Th e  first uas to d e t e r m i n e  c o r r e c t n e s s  of the 
individual p i x e l s  u i t h i n  e a c h  polygon. C o r r e c t  and 
inc o r r e c t  p i x e l s  u e r e  t a b u l a t e d  for the original cov e r  
c l a s s e s  and for the c l a s s e s  for u h i c h  p i n e s  u e r e  grouped. 
A g r e e m e n t  uas a l s o  d e t e r m i n e d  for the c o v e r  c l a s s e s  u i t h  the 
o p e n  c a t e g o r y  deleted.
Th e  s e c o n d  a p p r o a c h  u a s  to d e t e r m i n e  c o r r e c t n e s s  of 
e a c h  p o l y g o n  as a uhole. By this technique, c o r r e c t  
p o l y g o n s  u e r e  those u h i c h  had g r e a t e r  than 50 p e r c e n t  of all 
p i x e l s  i d e n t i f i e d  to the c o r r e c t  ( g r o u n d - v e r i f i c a t i o n ) 
category. A g r e e m e n t  w a s  d e t e r m i n e d  for the original cover 
c l a s s e s  as uell as d e r i v e d  ones for u h i c h  the tuo pine 
g r o u p B  u e r e  c o m b i n e d  into a s i n g l e  claBS. R e s u l t s  u e r e  
r e p o r t e d  b o t h  uith. a n d  excluding, the o p e n  category.
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T e s t i n g  by the s e c o n d  m e t h o d  is u p w a r d l y  b i a s e d  du e  to 
the fact that a r e a s  u s e d  for s i g n a t u r e  t r a i n i n g  are e x p e c t e d  
to be e a s i e r  to recognize. However, one ca n  j u s t i f y  this 
test b a s e d  on c o m m o n  p r a c t i c e  in forest mapping. S t a n d s  are 
u s u a l l y  i n t e r p r e t e d  a s  c o n t i g u o u s  u n i t B  of o n e  d o m i n a n t  
forest type a n d  ar e  p r i m a r i l y  m a n a g e d  a c c o r d i n g  to the 
B i 1v i c u l t u r a l  c h a r a c t e r i s t i c s  of that type. S u b s t a n t i a l  
p r o p o r t i o n s  of s t a n d s  ar e  o f t e n  d i f f e r e n t  from the d o m i n a n t  
type. Th e  us e  of a t r a i n i n g  field as a test s i t e  w o u l d  be 
a n a l o g o u s  to the us e  of a small s t a n d  b o u n d a r y  of one forest 
type aB a test s i t e  for c l a s s i f i c a t i o n .  T h i s  t e c h n i q u e  was 
e x p e c t e d  to indi c a t e  ho w  well the next test of a g r e e m e n t  
m i g h t  perform.
S t a n d  a g r e e m e n t .—  Th e  r e s u l t s  of the t r a i n i n g  p o l y g o n  
test i n d i c a t e d  that c o n t i g u o u s  a r e a  t e sting may be a 
me a n i n g f u l  t e c h n i q u e  to us e  for e v a l u a t i o n  of forest 
c l a s s i f i c a t i o n s .  F r o m  a f o r e s t e r ’s s t andpoint, it s e e m s  
logical to test the u t i l i t y  of re m o t e  s e n s i n g  for m a p p i n g  
forest m a n a g e m e n t  u n i t s  (stands) rather than individual 
s u b u n i t s  s u c h  aB p i x e l B  in a L a n d s a t  image.
V h o l e - s t a n d  a g r e e m e n t  wa s  te s t e d  in the s a m e  wa y  used 
for t r a i n i n g  p o lygons. However, d e t e r m i n a t i o n  of the 
d o m i n a n t  forest type (po s s i b l y  d i f f e r e n t  from the U S F S  
d e s i g n a t i o n )  ha d  to be o b t a i n e d  for e a c h  stand. T h i s  was 
d o n e  by o b t a i n i n g  pixel f r e q u e n c y  d i s t r i b u t i o n s  for e a c h  
s t a n d  from the g r o u n d - v e r i f i c a t i o n  d a t a  w h i c h  c o v e r e d  
c o m p a r t m e n t s  23. 39. 40. and 46. T h e s e  c o m p a r t m e n t s  w e r e
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Belected. at random, from the n i n e  original to the study.
Th e  d o m i n a n t  forest type for e a c h  s t a n d  ua s  d e t e r m i n e d  from 
the f r e q u e n c y  d i s t r i b u t i o n s .  N o t e  that in s o m e  cases, the 
U S F S  d e s i g n a t i o n  was not the s a m e  as on the g r o u n d -  
v e r i f i c a t i o n  map. T h e s e  d i f f e r e n c e s  are r e p o r t e d  in the 
R e s u l t s  and D i s c u s s i o n  section.
F r e q u e n c y  d i s t r i b u t i o n s  w e r e  next o b t a i n e d  from e a c h  
c l a s s i f i c a t i o n  and c o m p a r e d  to the s t a n d  label as d e t e r m i n e d  
from the g r o u n d - v e r i f i c a t i o n  data. C o r r e c t  s t a n d  p o l y g o n s  
u e r e  t h o s e  u h i c h  had g r e a t e r  than 50 p e r c e n t  of all p i x e l s  
i d e n t i f i e d  to the c o r r e c t  category. The original c a t e g o r i e s  
as well as g r o u p e d  o n e s  (open. pine, harduood) u e r e  tested. 
A n a l y s i s  of two g r o u p i n g s  of ASUI v a l u e s  (0-3 a n d  4 - 6  ASUI) 
u e r e  a l s o  m a d e  to d e t e r m i n e  h o u  s t a n d  u n i f o r m i t y  mig h t  
rel a t e  to spec t r a l  c l a s s i f i c a t i o n .  Forest s t a n d s  uhich 
c o n t a i n e d  e x c e s s i v e  c l o u d  c o v e r  or u h i c h  u e r e  .in 
r e g e n e r a t i o n  ( p ossibly a l t e r e d  b e t u e e n  s a t e l l i t e  and aerial 
i m agery dates) u e r e  not used for these tests.
A N O V  for C l a B B i f i c a t i o n  C o m p a r i s o n s
O n e  p u r p o s e  of A N O V  ( a n alysis of variance) is to 
d e t e r m i n e  if d i f f e r e n t  t r a i n i n g  and c l a s s i f i c a t i o n  
t e c h n i q u e s  p r o d u c e  s i g n i f i c a n t l y  d i f f e r e n t  results. 
R e s e a r c h e r s  a r m e d  u i t h  this type of i n f o r m a t i o n  can 
d e t e r m i n e  optimal m e t h o d s  for L a n d s a t  d a t a  processing.  
A n o t h e r  reason for u s e  of A N O V  is to d e t e r m i n e  if. g i v e n  the 
s a m e  c l a s s i f i c a t i o n  p r ocedures, d i f f e r e n t  types of imagery  
(such aB M S S  and TM) p r o d u c e  the B a m e  c l a s s i f i c a t i o n
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results. A N O V  i n v e s t i g a t i o n s  p r o v i d e  useful i n f o r m a t i o n  for 
d e t e r m i n a t i o n  of the most a p p r o p r i a t e  d a t a  and p r o c e s s i n g  
t e c h n i q u e s  for s p e c i f i c  a p p l i c a t i o n s  (Anderson an d  Ka l c i c  
1982).
R e s u l t s  from the s u p e r v i s e d  c l a s s i f i c a t i o n s  u e r e 
c o m p a r e d  by u s e  of ANOV. T h e  n u m b e r  of s a m p l e  u n i t s  and 
a g r e e m e n t  a s s o c i a t e d  u i t h  e a c h  c l a s s i f i c a t i o n  u e r e  input to 
the ANOV m o d u l e  in ELAS. A N O V  c a l c u l a t e d  the a p p r o p r i a t e  
i n f o r m a t i o n  for d e r i v a t i o n  of an F - s t a t i s t i c  for e a c h  
c o m p a r i s o n .  Th e  F - v a l u e  u a s  then c o m p a r e d  to t a b u l a t e d  F- 
v a l u e s  to d e t e r m i n e  the a l p h a  level at u h i c h  the 
c l a s s i f i c a t i o n s  u e r e  d e e m e d  different.
f
R E S U L T S  AN D  D I S C U S S I O N
T h e  s t u d y  a r e a  c o n t a i n e d  a h i g h  d i v e r s i t y  of forest 
t y pes on d i f f e r e n t  p h y s i o g r a p h i c  positions. It was 
impractical to a s s u m e  that L a n d s a t  d a t a  c o u l d  be used to 
i d e n t i f y  all c o n d i t i o n s  w h i c h  e x i s t e d  in the region.
A n a l y s i s  of the g r o u n d - v e r i f i c a t i o n  ma p  (Evans et al. 1985) 
i n d i c a t e d  that e v e n  d e t a i l e d  aerial p h o t o i n t e r p r e t a t i o n s  had 
s o m e  d r a w b a c k s  in forest type mapping. However, s u f f i c i e n t  
tests w e r e  e m p l o y e d  to d e m o n s t r a t e  the u t i l i t y  of L a n d s a t  
d a t a  for forest a n a l y s i s  as set forth by the g o a l s  d e s c r i b e d  
for this project.
G r o u n d - v e r  i f icat ion Map A n a l y s i s  
P r o d u c t i o n  of a d e t a i l e d  and a c c u r a t e  g r o u n d -  
v e r i f i c a t i o n  map of the s t u d y  c o m p a r t m e n t s  was c r ucial to 
the s u c c e s s  of the project. B o t h  the N H A P  <1:58.O O O - s c a 1e ) 
a n d  A5CS (1:12.0 0 0 - s c a l e )  CI R  aerial p h o t o g r a p h y  were 
n e c c e s s a r y  to d e l i n e a t e  the forest c o ver types. H a r d w o o d s  
w e r e  d i s t i n g u i s h e d  from p i n e s  on the A S C S  phot o g r a p h s .  
S u b c l a s s e s  of h a r d w o o d B  w e r e  not m a p p e d  for tuo reasons.
Th e  p r i m a r y  reason w a s  that they c o n s t i t u t e d  a small p o r t i o n  
of s t a n d B  in the s t u d y  area. Theref o r e ,  further s u b d i v i s i o n  
of the c a t e g o r y  u o u l d  h a v e  r e n d e r e d  s u b c l a s s e s  too small to 
s a m p l e  in the L a n d s a t  data. Secondly, the m a i n  intent of 
this p r o j e c t  uas to c h a r a c t e r i z e  the p i n e  timber in the 
s t u d y  area. Th e  tuo g r o u p s  of p i n e s  are m o r e  i m p o r t a n t  than
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h a r d w o o d s  for timber p r o d u c t i o n  in the region.
Of 122 field plots. 108 w e r e  c o r r e c t l y  i n t e r p r e t e d  on 
the g r o u n d - v e r i f i c a t i o n  maps. T h i s  is an a g r e e m e n t  of 89 
percent. C l o s e r  e x a m i n a t i o n  of the r e s u l t s  i n d i c a t e d  w h e r e  
the m a j o r i t y  of m a p p i n g  e r r o r s  o c c u r r e d  (Table 4).
All of the h a r d w o o d  s i t e s  and e i g h t  of n i n e  open s i t e s  
w e r e  c o r r e c t l y  interpreted. H a r d w o o d s  and open s i t e s  were 
i d e n t i f i e d  e a s i l y  in the 1 s 12.0 0 0 - s c a l e  imagery (Figure 8). 
T h e  h a r d w o o d s  w e r e  b r i g h t  red an d  the p i n e s  w e r e  d a r k e r  and 
a p u r p l i s h  c o l o r  on t h e s e  p h o t o g r a p h s .  T h e  p i n e  t y pes were 
s e p a r a t e d  o n l y . o n  the N H A P  ( 1 :58.000-scale) imagery (Figure 
9) .
O n l y  one err o r  in the p i n e  g r o u p B  wa s  a t t r i b u t e d  to 
c r o s s - o v e r  b e t w e e n  the p i n e s  rather than to the oth e r  cover 
types. T h i s  uas e x p e c t e d  d u e  to the lower spatial 
r e s o l u t i o n  of the NHAP i m agery a n d  v a g u e l y  d e f i n e d  
t r a n s i t i o n s  b e t u e e n  the tuo p i n e  types. Small g r o u p s  of 
p i n e s  of one type o c c u r r e d  in a r e a s  p r e d o m i n a t e d  by the 
other. T h e s e  small areas, a l t h o u g h  d e t e c t e d  in the field 
survey, w e r e  not v i s i b l e  on the NHAP imagery a n d  thus were 
i n c o r p o r a t e d  into larger a r e a s  d u r i n g  the i n t e r p r e t a t i o n  
process.
C o m b i n a t i o n  of the p i n e  c a t e g o r i e s  g a v e  93 c o r r e c t  
p l o t s  of 94 total. A g r e e m e n t  of pine, hardwood, and open 
c a t e g o r i e s  ua s  120 c o r r e c t  of 122 total; 98 p e r c e n t  
a g r e e m e n t  overall. T h e  a g r e e m e n t  of the individual and 
g r o u p e d  c l a s s e s  uas impr o v e d  s o m e w h a t  s i n c e  all s i t e s  in
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T a b l e  4. C o n f u s i o n  t a b l e  u s e d  to d e t e r m i n e  a g r e e m e n t  b e t w e e n  
the g r o u n d - v e r i f i c a t i o n  ma p  and field plots.
P h o t o i n t e r p r e t e d  classes
F i e l d  L o n g l e a f -  L o b l o l l y -  H a r d -  P e r c e n t
c l a s s  s l a s h  s h o r t l e a f  w o o d s  O p e n  Total c o r r e c t
L o n g l e a f  40 2 - - 42 95
- s l a s h
L o b l o l l y  9 42 1 - 52 81
- s h o r t  leaf
H a r d w o o d s  - - 1 9 - 1 9  100
O p e n  - 1 - 8 9 89
O v e r a l 1 122 89
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F i g u r e  8
iSSspsK' M  -
£ hardwood
ines
E x a m p l e  p o r t i o n  of an A S C S  C I R  aerial p h o t o g r a p h  
t a ken over the s t u d y  a r e a  on Na y  8. 1982 
(original s c a l e  I:i2r000).
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l o b l o l l y  p i n e s
F i g u r e  9. E x a m p l e  p o r t i o n  of an NHAP CI R  aerial p h o t o g r a p h  
taken over the e t u d y  a r e a  on D e c e m b e r  4. 1981
(original B e a l e  1:58.000).
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e r r o r  w e r e  c o r r e c t e d  p r ior to use of the m a p s  for L a n d s a t  
s a m p l i n g  and c l a s s i f i c a t i o n  v e r i f i c a t i o n .
E v e n  u i t h  the e r r o r s  noted, i d e n t i f i c a t i o n  of the two 
p i n e  c l a s s e s  s e e m e d  to h o l d  s o m e  p r o m i s e  for the s a t e l l i t e  
d a t a  a n alysis. L o u e r  r e s o l u t i o n  s a t e l l i t e  d a t a  uere  
e x p e c t e d  to p o s s i b l y  a v e r a g e  out s o m e  of the e r ror 
a t t r i b u t a b l e  to the small s u r r o u n d e d  g r o u p s  m e n t i o n e d  
pr e v i o u s l y .  The f o l l o u i n g  is a bri e f  d i s c u s s i o n  of the 
p o s s i b l e  r e a s o n s  uh y  longleaf an d  l o b l o l l y  p i n e s  a p p e a r e d  to 
be s e p a r a b l e  on the N H A P  imagery. M u c h  of this d i s c u s s i o n  
is b a s e d  on i n f o r m a t i o n  r e p o r t e d  by E v a n s  et al. (1985) and 
H u g h e s  et al. (1986).
R e l a t i v e l y  lou sun a n g l e  and forest s t a n d  and c a n o p y  
m o r p h o l o g y  may have been the c o n t r i b u t o r y  factors, uhen  
c o mbined, that a c c e n t u a t e d  the r e f l e c t a n c e  d i f f e r e n c e s  
b e t w e e n  the p i n e  s p e c i e s  groups. It is k n o w n  t h a t . i n  the 
g r o w i n g  season, c o n i f e r s  r e flect leBS light than h a r d w o o d s  
d u e  to " c o n t a i n e d  s h a d o w s "  (Murtha 1972). T h e  f i n d i n g s  of 
t h i s  s t u d y  lead us to ask if d i f f e r e n c e s  in " c o n t a i n e d  
s h a d o w s "  of c o n i f e r s  c o u l d  c a u s e  d e t e c t a b l e  c h a n g e s  in 
s p e c t r a l  reflectance. H a r l o w  and H a r r a r  (1969) d e s c r i b e d  
long l e a f  p i n e  as h a v i n g  8- to 1 8 - i n c h - l o n g  n e e d l e s  w h i c h  are 
d e n s e l y  tu f t e d  at the e n d s  of s t out b r a n c h  tips. S l a s h  p i n e  
h a s  7- to 1 0 - i n c h - l o n g  n e e d l e s  u h i c h  ar e  s i m i l a r l y  arranged. 
L o b l o l l y  and s h o r t l e a f  (6— to-9. an d  3 - t o — 5 inches long, 
re s p e c t i v e l y )  n e e d l e s  a r e  not as long or d e n s l y  " t u f t e d . "
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T h e s e  c h a r a c t e r i s t i c s  may p r o d u c e  the c o n d i t i o n s  w h i c h 
m o d i f y  r e f l e c t a n c e s  of the two pine s p e c i e s  groups. O t her  
e v i d e n c e  to t h i s  e f f e c t  is g i v e n  in F i g u r e  10. Th e  bright, 
"tufted" a p p e a r a n c e  of the longleaf p i n e s  c o n t r a s t s  well 
w i t h  the darker, finer t e x t u r e d  l o b l o l l y  p i n e  crowns. 
S t a t i s t i c a l  a n a l y s i s  of the aerial s c a n n e r  d a t a  (0.58 m 2 
resolution) of the s a m e  a r e a  as F i g u r e  10. i n d i c a t e d  that 
longleaf p i n e  c r o w n s  h a v e  a s i g n i f i c a n t l y  h i g h e r  IR 
r e f l e c t a n c e  than l o b l o l l y  c r o w n s  (Hughes et al. 1986).
O t h e r  s t u d i e s  report s i m i l a r  f i n d i n g s  for spectral  
s e p a r a t i o n  of c o n i f e r s  with d i f f e r e n t  n e e d l e  lengths. Of 
p a r t i c u l a r  interest a r e  the w o r k s  by S h e n  et al. (1985) and 
H u d s o n  and L u s c h  (1984). B o t h  s t u d i e s  d e m o n s t r a t e d  that red 
p i n e  (long needles) had h i g h e r  n e a r - I R  r e f l e c t a n c e  than jack 
p i n e  (shorter needles). Similarly. Sadowski et al. (1978) 
p r e s e n t e d  r e s u l t s  w h i c h  i n d i c a t e d  that loblolly pine  
r e f l e c t s  m o r e  n e a r - I R  e n e r g y  than s h o r t l e a f  pine.
N e e d l e  length and a s s o c i a t e d  leaf area index (LAI) are 
likely to be the two pri n c i p a l  f a c tors w h i c h  d e t e r m i n e  the 
a m o u n t  of " c o n t a i n e d  s h a d o w "  in c o n i f e r  crowns. The 
i n f o r m a t i o n  p r e s e n t e d  h e r e  lends s u p p o r t  to the p r e m i s e  that 
n e e d l e  length a n d  d e n s i t y  a r e  factors w h i c h  s h o u l d  be 
c o n s i d e r e d  w h e n  s t u d y i n g  spectral s e g r e g a t i o n  of s o u t h e r n  
conifers. S a m p l i n g  an d  a g r e e m e n t  t e s t i n g  p r o c e d u r e s  in this 
p r o j e c t  w e r e  d e s i g n e d  w i t h  the s e  t h o u g h t s  in mind.
F i g u r e  10. E x a m p l e  p o r t i o n  of a low-level C I R  aerial
p h o t o g r a p h  taken over c o m p a r t m e n t  23 of the 
s t u d y  a r e a  on M a r c h  22. 1984 (original s c a l e  
1:2.000).
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S t a n d  Vo 1um e  C o m p a r i s o n s
An original part of this p r o j e c t  u a s  to u t i l i z e  the 
U S F S  c o n d i t i o n  c l a s s  d e s i g n a t i o n  for e a c h  s t a n d  as a 
s u r r o g a t e  for timber v o 1u m e - d e n s i t y  d e t e r m i n a t i o n s .
U S F S  c o n d i t i o n  c l a s s e s  a r e  a s s i g n e d  to s t a n d s  b a s e d  on 
the s t o c k i n g  level, age. an d  e x p e c t e d  s i z e  of the ti m b e r  at 
the en d  of the s t a n d  rotation. S o m e  c o n d i t i o n  c l a s s e s  are 
also i n d i c a t i v e  of the q u a l i t y  or vig o r  of the stand. T h e r e  
are 15 c o n d i t i o n  c l a s s e s  r e p r e s e n t e d  in the s t u d y  area.
T h e s e  range from n o n - s t o c k e d  a n d  r e g e n e r a t i o n  to m a t u r e  
p o l e t i m b e r  and sawtim b e r .  Most s t a n d s  in the s t u d y  a r e a  are 
c l a s s i f i e d  in one of the tuo f o l l o w i n g  c a t e g o r i e s :
I mmature p o l e t i m b e r  ( c o n d i t i o n  c l a s s  11) - p o l e t i m b e r  
s t a n d s  of s a t i s f a c t o r y  q u a l i t y  w h i c h  ar e  s t o c k e d  
a b o v e  the level of s p a r s e  p o l e t i m b e r  but a r e  b e l o w  
s t a n d  r o t a t i o n  age (pines 5 . 0  - 10.9 inches DBH: 
h a r d w o o d s  6 . 0  - 12.9 inches DBH).
Immature s a w t i m b e r  (condi t i o n  c l a s s  12) - s a w t i m b e r  
s t a n d s  of s a t i s f a c t o r y  q u a l i t y  w h i c h  are s t o c k e d  
a b o v e  the level of s p a r s e  s a w t i m b e r  but b e l o w  s t a n d  
rota t i o n  ag e  (pines > 11.0 inches DBH. 
h a r d w o o d s  > 13.0 inches D B H ) . 1
iPersonal c o m m u n i c a t i o n  w i t h  Mr. S t e n  Olsen. T i m b e r  
M a n a g e m e n t  Assistant. K i s a t c h i e  H a n g e r  District. U.S. 
F o r e s t  Service. April 3. 1984.
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T h e  a b o v e  d e f i n i t i o n s  i n d i c a t e  that s t a n d s  can h a v e 
h i g h l y  v a r i a b l e  a t t r i b u t e s  an d  still fall w i t h i n  the s a m e  
c o n d i t i o n  class. V o l u m e  d i v e r s i t y  wa s  e x p e c t e d  to be 
a s s o c i a t e d  w i t h  spect r a l  v a r i a n c e  in stands. However, 
c o n d i t i o n  c l a s s e s  c o u l d  not be ruled out until s h o w n  that 
they w o u l d  not be useful for spec t r a l  sampling. The 
d i s c u s s i o n  b e l o w  i n d i c a t e s  how c o n d i t i o n  c l a s s e s  di d  not 
r elate well to volume, w h i c h  wa s  a m o r e  useful s t a n d  
a t t r i b u t e  for s t a n d  spec t r a l  analysis.
S p a r s e  p o l e t i m b e r  was the only c o n d i t i o n  c l a s s  w h i c h  
w a s  c o n s i s t e n t l y  d i f f e r e n t  in v o l u m e  per ha from the other 
c l a s s e s  (Table 5). T h e  two c o n d i t i o n  c l a s s e s  ( i mmature 
p o l e -  and s a w t i m b e r )  r e p r e s e n t e d  by the m o s t  s t a n d s  w e r e  not 
d i f f e r e n t  in v o l u m e  from e a c h  other at e i t h e r  a l p h a  level. 
T h i s  w a s  of p r i m a r y  i m p o r t a n c e  s i n c e  the s e  two c l a s s e s  
c o m p r i s e d  176 of the 22 0  s t a n d s  in the n i n e  test 
c o m p a r t m e n t s  (80 p e r c e n t  of all s t a n d s  studied).
S t a n d  v o l u m e  was also c o n s i d e r e d  as a factor w h i c h  
w o u l d  i n f u e n c e  spectral s e p a r a b i l i t y  of the forest types.
Th e  two key p i n e  species, longleaf and loblolly, were 
s u b s t a n t i a l l y  d i f f e r e n t  in m e a n  w o o d  v o l u m e  per ha and crown 
closure, a l t h o u g h  m e a n  c r o w n  d i a m e t e r  wa s  s i m i l a r  for b o t h  
(Table 6). Low m e a n  w o o d  v o l u m e  per ha w a s  e x p e c t e d  in 
longleaf pine s i n c e  it ten d s  to g r o w  in fairly o p e n  stands. 
T h i s  w a s  s u b s t a n t i a t e d  by the low m e a n  c r o w n  closure. Note
also that the m e a n  a g e  of the longleaf s t a n d s  was g r e a t e r
than the loblolly stands. T h e  f i n d i n g s  in T a b l e  6 for
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T a b l e  5. R e s u l t s  of p a i r e d  t - t e s t s  b e t w e e n  c o n d i t i o n  c l a s s e s  
r e p r e s e n t e d  by v o l u m e  d a t a  o b t a i n e d  for the s t a n d s  
in the s t u d y  a r e a  (p r e s e n t e d  as a c r o s s - c o m p a r i s o n  
m a t r i x ) .
C o n d i t i o n  c l a s s
C o n d i t i o n  
c 1 ass
S p a r s e  
pol e- 
t imber
S p a r s e  
B au- 
t i mber
Lou
quali ty 
s a w ­
t i m b e r
M a t u r e
s a w ­
t imber
I mmature 
pol e- 
timber
S p a r s e
saw-
timber
Lou
quali ty 
sau- 
t imber
ft* NS --- --- ---
Matu r e  
s au- 
t imber
* * ** NS --- ---
Immature 
p o l e ­
timber
« K NS * * ftft ---
Immature 
s a w ­
timber
* * NS NS NS NS
NS = no s i g n i f i c a n t  d i f f e r e n c e  in v o l u m e  m e a n s  
ft = s i g n i f i c a n t  d i f f e r e n c e  in v o l u m e  m e a n s  at 
the 0 . 0 5  a l p h a  level 
#» = s i g n i f i c a n t  d i f f e r e n c e  in v o l u m e  m e a n s  at 
the 0.01 a l p h a  level 
—  = d e t e r m i n a t i o n  not r e p o r t e d  for m i r r o r -  
image s i d e  of the table
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T a b l e  6. S u m m a r y  of Btand d a t a  d e t e r m i n e d  by p i n e
s p e c i e s  ( s tands w i t h  less than 4 5 . 9  c u bic m wood 
v o l u m e  per ha not u s e d  for d e t e r m i n a t i o n s ) .
T i m b e r  
s pec ies
N u m b e r  of 
s t a n d s
M e a n  v o 1. 
(m 3 / h a )
M e a n  age 
(y e a r s )
M e a n 
c r o w n  
diam 
(m )
M e a n  
c r o w n  
c 1osu r e  
(p e r c e n t )
L o n g l e a f  
pi ne
69 3 1 2 . 4 4 47 5. 77 58
S l a s h
pine
17 4 0 0 . 9 0 36 5 . 2 0 70
L o b l o l l y  
pi ne
84 4 0 4 . 7 5 41 5 . 6 3 66
S h o r t l e a f  6 
p i n e
4 9 8 . 7 5 52 5 . 6 9 77
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longleaf and lobl o l l y  B e e m  to re l a t e  to the Bilvical 
c h a r a c t e r i s t i c s  of the species. I n f o r m a t i o n  on s l a s h  and 
s h o r t l e a f  p i n e  w a s  a l s o  as expected. N o t i c e  that s l ash 
pines* in p a rticular, e x h i b i t  fast g r o w t h  in e a r l y  s t a g e s  
and. a c c o r d i n g  to t h e s e  data, h a v e  o u t s t r i p p e d  the g e n e r a l l y  
o l der longleaf stands.
T h e s e  findi n g s  i n d i c a t e d  c l e a r l y  that the USFS 
c o n d i t i o n  c l a s s  d e s i g n a t i o n s  w o u l d  not be p a r t i c u l a r l y  
useful for spect r a l  s e p a r a t i o n  of the s u b j e c t  forest 
classes. S e g r e g a t i o n  of timber by v o l u m e  c l a s s e s  wa s  a more 
m e a n i n g f u l  a l t e r n a t i v e  to the use of c o n d i t i o n  classes. 
Theref o r e ,  the f o l l o w i n g  five v o l u m e  c l a s s e s  w e r e  a s s i g n e d  
to the s t a n d s  in the s t u d y  a r e a  (Figure 11):
Cl ass Vo 1ume
1 less than 4 5 . 9  m 3 /ha.
2 4 5 . 9  to 2 2 9 . 9  m 3/ha,
3 2 3 0 . 0  to 4 5 8 . 9  m 3 /ha.
4 4 5 9 . 0  to 6 8 8 . 9  m 3 /ha. and
5 g r e a t e r  than 6 8 8 . 9  m 3 /ha.
The two key p i n e  s p e c i e s  had n o t a b l y  d i f f e r e n t  stand 
a n d  tree c h a r a c t e r i s t i c s  w h i c h  w e r e  e x p e c t e d  to c o n t r i b u t e  
to Bpectral d i s c r i m i n a t i o n .  L o n g l e a f  p i n e  e x h i b i t e d  lower 
a v e r a g e  s t a n d  v o l u m e  a n d  c r o w n  c l o s u r e  than loblo l l y  pine. 
ThuB. the spectral c h a r a c t e r i s t i c s  of longleaf p i n e  s t a n d s  
w e r e  e x p e c t e d  to be a c o m b i n a t i o n  of forest c r o w n  and 
u n d e r s t o r y  reflectance. L o b l o l l y  r e f l e c t a n c e  was 
a n t i c i p a t e d  to be a f f e c t e d  p r i m a r i l y  by the tree canopies.
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Figure 11
NT 23 
KISRTCHIE RANGER DISTRICT 
V0LUME CLASS'MAP
050 H CELL SIZE>
LEGEND*
CLRSS 
CLASS 1, 
:i: CLASS 2 ,  
CLASS 2 ,  
m CLASS 3,
■ CLASS 3, 
CLASS A,  
CLASS 1,
■ CLASS 5,
■ CLASS 5/
0-3 ASUI
1-6 ASUI
0-3 ASUI
1-6 ASUI
0-3 ASUI
1-6 ASUI
0-3 ASUI
1-6 ASUI
0-3 ASUI
1-6 ASUI
SCALE = l.O KH
* < SEE TEXT FOR CLASS DESCRIPTION)
COMPARTMENT 23 
KISATCHIE RANGER DISTRICT 
COMBINED FOREST VOLUME AND 
COVER TYPES
<50 M CELL SIZE)
LEGEND*
VOLUME CLASS*1 
2 3 1 5
LONGLEAF ■ 
LOBLOLLY ■
HARDUOODS
SCALE =. l.O KM * < SEE TEXT FOR CLASS DESCRIPTION) 
*« <CLASS l DID NOT OCCUR)
ForeBt volume map of compartment 23 (a) and 
combined volume-cover map (b) as depicted on 
the color image display.
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T h e s e  s p e c u l a t i o n s  are* in part, s u b s t a n t i a t e d  in the 
d i s c u s s i o n  of the f i n d i n g s  o b t a i n e d  from a n a l y s i s  of the 
s a t e l l i t e  d a t a  for this project.
L a n d s a t  D a t a  A n a l y s i s  R e s u l t s
All L a n d s a t  d a t a  s e t B  w e r e  p r e p r o c e s s e d  into E L A S  
format w i t h o u t  d i f f i c u l t y .  G e o g r a p h i c  r e g i s t r a t i o n s  of less 
than one p i x e l - w i d t h  e r r o r  w e r e  o b t a i n e d  for all L a n d s a t  
d a t a  (Til and MSS) as c o m p a r e d  to U S G S  1 :24* O O O - s c a  1 e maps. 
L a n d s a t  r e g i s t r a t i o n  to the a n c i l l a r y  d a t a  was a l s o  g o o d  as 
c o m p a r e d  v i s u a l l y  to s t a n d  b o u n d a r i e s  (those on roads and 
streams) and o t her s t a b l e  features. C l o u d s  and c l o u d  
s h a d o w s  in the July 1978 a n d  J a n u a r y  1983 d a t a  w e r e  d e l e t e d  
from all o t h e r - d a t a  s e t s  in the GIS.
T h e  s t a n d a r d  d e v i a t i o n s  in T a b l e  7 a r e  indirect 
m e a s u r e s  of spectral d i v e r s i t y  w i t h i n  e a c h  d a t a  set. L a r g e 
s t a n d a r d  d e v i a t i o n s  of v e g e t a t i o n  indices indi c a t e  large 
d i f f e r e n c e s  b e t w e e n  the h o m g e n e o u s  spectral c l a s s e s  d e r i v e d  
from the data.
In all but one case, the m e a n s  of the v e g e t a t i o n  
in d i c e s  for the July 1978 s c e n e  w e r e  h i g h e r  than the wi n t e r  
s c e n e s  (Table 7). T h i s  wa s  e x p e c t e d  due to hig h e r  su n  angle 
an d  i n c r e a s e d  v e g e t a t i o n  v i g o r  d u r i n g  the summer. The July 
1978 s t a n d a r d  d e v i a t i o n s  w e r e  lower than the other s c e n e s  
b e c a u s e  t h e r e  w a s  less r e l a t i v e  d i f f e r e n c e  in v e g e t a t i o n  
v i g o r  b e t w e e n  the d e c i d u o u s  a n d  e v e r g r e e n  trees d u r i n g  the 
s u m m e r .
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T a b l e  7. S u m m a r y  of m e a n  v e g e t a t i o n  i n dices and s t a n d a r d  
d e v i a t i o n s  d e r i v e d  from u n s u p e r v i s e d  s t a t i s t i c a l  
c l u s t e r i n g  of L a n d s a t  MS S  d a t a  sets.
D a t e  
o f 
im agery
C l u s t e r i n g t e c h n i q u e
4 band S R C H 2 b a n d  SRCH 4 band PTCL
Mean S.D. i M e a n S.D. M e a n S.D.
July 1978 1.75 0 . 2 0 1.80 0 . 2 8 1.73 0. 18
Jan. 1979 1.48 0. 37 1.63 0 . 3 8 1.76 0. 37
Mar. 1979 1. 37 0 . 3 9 1.76 0 . 4 8 1.49 0. 20
Jan. 1983 1. 06 0. 55 1.20 0 . 5 9 1.58 0. 35
iS.D. d e n o t e s  s t a n d a r d  deviation.
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As s t a t e d  p r e v i o u s l y ,  the July 1978 an d  J a n u a r y  1983 
d a t a  w e r e  r e t a i n e d  out of n e c c e s s i t y  to fulfill the g o a l s  of 
the project. However, on e  w i n t e r  d a t a  set of the r e m a i n i n g  
two w a s  n e e d e d  for c o m b i n a t i o n  with the July M S S  data. The 
J a n u a r y  1983 d a t a  w e r e  not used for this p u r p o s e  d u e  to 
large d i f f e r e n c e s  in a c q u i s i t i o n  y e a r s  and original s e n s o r  
p l a t f o r m  (1983 I1SS d a t a  c a m e  from L a n d s a t  A rather than 
L a n d s a t  3). M a r c h  1979 d a t a  w e r e  c h o s e n  over the J a n u a r y  
1979 s c e n e  for c o m b i n a t i o n  w i t h  the July d a t a  on the bas i s  
that the M a r c h  data h a d  h i g h e r  v e g e t a t i o n  index s t a n d a r d  
d e v i a t i o n s  in two of the t h ree s e t s  of c l u s t e r  stat i s t i c s .  
H i g h e r  s t a n d a r d  d e v i a t i o n s  w e r e  assumed, in t h i s  case, to be 
i n d i c a t i v e  of g r e a t e r  r e f l e c t a n c e  d i f f e r e n c e s  in the 
v e g e t a t i o n  c o m p o n e n t s  of the M a r c h  scenei. T h e s e  d i f f e r e n c e s  
w e r e  n e e d e d  in order to m a x i m i z e  the c h a n c e  for s u c c e s s f u l  
spectral r e c o g n i t i o n  of the s u b j e c t  forest types. Final MSS 
a n a l y s i s  was p e r f o r m e d  on the July 1978. M a r c h  1979. and 
J a n u a r y  1983 data.
TM Cl assif icat ions
U n s u p e r v i s e d  and s u p e r v i s e d  s i g n a t u r e  t r a i n i n g  and 
m a x i m u m  l i k e l i h o o d  c l a s s i f i c a t i o n  p r o c e d u r e s  w e r e  p e r f o r m e d  
on the s i x - c h a n n e l  TM d a t a  set. Th e  s a m e  t r a i n i n g  and 
c l a s s i f i c a t i o n  t e c h n i q u e s  w e r e  a l s o  u s e d  on e a c h  M S S  d a t a  
set. R e s u l t s  of the T M  a n a l y s i s  p r o c e d u r e s  a r e  g i v e n  in the 
next sections.
U n s u p e r v i B e d  c 1a s s i f i c a t i o n  r e s u l t s .—  S R C H  was used to 
d e v e l o p  21 spectral s i g n a t u r e s  b a s e d  on the p r e v i o u s l y
eg
d e f i n e d  s t a t i s t i c a l  p a r a m e t e r s .  It s h o u l d  be n o t e d  h e r e  
that the m o d i f i c a t i o n  of p a r a m e t e r s ,  in essence, was 
s u p e r v i s i o n  of the s i g n a t u r e  t r a i n i n g  process. T h e  S R C H  
p a r a m e t e r s  set the b o u n d s  for the d e f i n i t i o n  of s t a t i s t i c a l  
h o m o g e n e i t y  w h i c h  d i c t a t e d  w h e n  a s i g n a t u r e  u a s  r e t a i n e d  for 
further p r o c e s s i n g .  D e f i n i t i v e  t r a i n i n g  a r e a s  u e r e  not 
identified; therefore, the t e r m i n o l o g y  " u n s u p e r v i s e d  and 
s u p e r v i s e d "  w a s  r e t a i n e d  in order to be c o n s i s t e n t  with 
t h ese ter m s  as u s e d  in other w o r k s  (Anderson an d  Ka l c i c  
1982. H a r d i n g  an d  S c o t t  1978. L i l l e s a n d  et al. 1985).
Th e  TM u n s u p e r v i s e d  c l a s s i f i c a t i o n  ua s  c o m p a r e d  to the 
g r o u n d - v e r i f i c a t i o n  m a p  by use of ACTB. T h e  r e s u l t i n g  c o ­
o c c u r r e n c e  t a ble uas then used to a s s i g n  a n a m e  to each 
B pec t r a l  class. Four of the 21 s i g n a t u r e s  u e r e  id e n t i f i e d 
as open, eig h t  as l o n g l e a f - B l a s h  pine, five as l o b l o l l y - 
B h o r t l e a f  pine, an d  four as h a r d w o o d s  (Figure 12).
All c l a s s i f i e d  p i x e l s  in all n i n e  test c o m p a r t m e n t s  
( exclu d i n g  c l o u d  areas, c l o u d  shadows, and m o d i f i e d  stands) 
u e r e  c o m p a r e d  to the g r o u n d - v e r i f i c a t i o n  m a p  (65.961 p i x e l s  
used). An overall a g r e e m e n t  of 54 p e r c e n t  ua s  a c h i e v e d  for 
all c a t e g o r i e s  a n d  a 64 p e r c e n t  a g r e e m e n t  uas o b t a i n e d  for 
the thr e e  forest c a t e g o r i e s  (open exclud e d ) .  A g r e e m e n t  uas 
a l s o  d e t e r m i n e d  for the c l a s s e s  for u h i c h  the p i n e  types 
u e r e  c o m b i n e d  into a s i n g l e  group. T h i B  t h r e e - c l a s s  
a g r e e m e n t  (pine, harduood. open) ua s  70 p e r c e n t  overall and 
8 3 p e r c e n t  u h e n  the o p e n  c l a B S  u a s  e x c l u d e d  from the 
results.
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F i g u r e  12. llnsupervised c l a s s i f i c a t i o n  of L a n d s a t  TM data 
of c o m p a r t m e n t  23 of K i s a t c h i e  R a n g e r  District.
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C l o B e r  e x a m i n a t i o n  of the s e  r e s u l t s  ind i c a t e d  the 
s o u r c e  of lou overall agreem e n t .  B e l o u  ar e  listed the 
individual c l a s s  a g r e e m e n t s  to the g r o u n d  v e r i f i c a t i o n :
o p e n  = 21 percent.
l o n g l e a f - s l a s h  p i n e  = 54 percent.
1 o b i o l l y - s h o r t l e a f  p i n e  = 71 percent, and
h a r d u o o d s  = 37 percent.
Th e  open and h a r d w o o d  a g r e e m e n t s  w e r e  q u i t e  low. ThiB 
u a s  p r o b a b l y  d u e  to the time of year in w h i c h  the TM data 
u e r e  acquired. H a r d u o o d s  u e r e  l e a f l e s s  in J a n u a r y  and the 
h e r b a c e o u s  v e g e t a t i o n  in o p e n  a r e a s  uas s e n e s c e n t  or dead. 
Thus, the h o m o g e n e o u s  spect r a l  s i g n a t u r e s  d e v e l o p e d  for 
t he s e  two c o v e r  types were v e r y  similar, and c l a s s i f i c a t i o n  
c o n f u s i o n  o c c u r r e d  b e t w e e n  them. T h e r e  ua s  m u c h  less 
s p e c t r a l  c r o s s - o v e r  from the open an d  h a r d w o o d  c l a s s e s  to 
the p i n e  classes. Pines, as a group, ha d  a r e a s o n a b l e  
a g r e e m e n t  of 85 p e r c e n t  to the g r o u n d - v e r i f i c a t i o n  data. 
T h i s  i n d i c a t e d  that the two p i n e  c a t e g o r i e s  u e r e  m o r e  often 
c o n f u s e d  w i t h i n  that g r o u p  than with the open or h a r d w o o d  
classes.
G r o u p i n g  the o p e n  and h a r d w o o d  c l a s s e s  i m p r o v e d  the 
c o m b i n e d  a g r e e m e n t  for that new g r o u p  to only 43 percent. 
D i s t i n c t i o n  of p i n e B  from h a r d u o o d s  to the e x c l u s i o n  of all 
o p e n  a r e a s  ua s  83 percent. T h e s e  r e s u l t s  i n d i c a t e  that the 
o p e n  c a t e g o r y  c o u l d  not be r e c o g n i z e d  c o n s i s t e n t l y  from the 
forest c l a s s e s  in the TM d a t a  as c l a s s i f i e d  by the
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u n s u p e r v i s e d  approach.
S u p e r v i s e d  c 1 a s s i f i c a t i o n  r e s u l t s  (all p i x e l s ).—  
A g r e e m e n t  b a s e d  on all individual p i x e l s  in the test 
c o m p a r t e n t s  uas a l s o  low for the s u p e r v i s e d  c l a s s i f i c a t i o n :
o p e n  = 22 percent*
l o n g l e a f - s l a s h  p i n e  = 45 percent.
1 o b i o l 1y - s h o r 1 1eaf p i n e  = 47 percent, and
h a r d u o o d s  = 63 percent.
T h e  overall a g r e e m e n t  uas only 47 percent; 52 p e r c e n t  if the
open c l a s s  ua s  excluded. C o m b i n a t i o n  of the tuo pine 
c l a s s e s  into a s i n g l e  g r o u p  y i e l d e d  a p i n e  a g r e e m e n t  of 70 
p e r c e n t  and impr o v e d  the overall a g r e e m e n t  to 65 percent; 71 
p e r c e n t  if the open c l a s s  u a s  excluded. F i g u r e  13 p o r t r a y s  
the results on the c o m p u t e r  c o lor display.
T h e s e  r e s u l t s  ar e  less e n c o u r a g i n g  than tho s e  o b t a i n e d  
from the S R C H  analysis. Fo r e s t  c l a s s  r e c o g n i t i o n  (open 
a r e a s  excluded) u a s  12 p e r c e n t  louer for both the g r o u p e d  
an d  u n g r o u p e d  p i n e  c a s e s  as c o m p a r e d  to the S R C H  results. A 
nu m b e r  of f a ctors ar e  likely to be r e s p o n s i b l e  for these 
d i s c r e p a n c i e s .  For instance, the d e t e r m i n a t i o n  of forest 
c l a s s e s  from the S R C H  c l a s s e s  ua s  p e r f o r m e d  in a b i a s e d  and 
n o n - r e p e a t a b l e  manner. Houever. the spectral h o m o g e n e i t y  of 
the S R C H  c l a s s e s  ua s  m o r e  c e r t a i n  than that of the 
s u p e r v i s e d  t r a i n i n g  s i g n a t u r e s .  T h i s  u o uld e x p l a i n  the 
louer c l a s s i f i c a t i o n  a g r e e m e n t  for the s u p e r v i s e d  as 
c o m p a r e d  to the S R C H  results.
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F i g u r e  13. S u p e r v i s e d  c l a s s i f i c a t i o n  of L a n d s a t  TM d a t a  of 
c o m p a r t m e n t  23 of K i s t a c h i e  R a n g e r  D i s t r i c t  
( c l a s s i f i c a t i o n  not m o d i f i e d  by s o i l s  data).
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T h e  s u p e r v i s e d  c l a s s i f i c a t i o n  a p p r o a c h  from a l o ng-term 
m a n a g e m e n t  p e r s p e c t i v e  is the p r e f e r a b l e  c h o i c e  for L a n d s a t  
d a t a  analysis. It is a t e c h n i q u e  w h i c h  c a n  be r e p e a t e d  by 
u s e  of identical t r a i n i n g  a r e a s  for any d a t a  set. Thus, 
s u c c e s s i v e  d a t a  s e t s  a n d  m u l t i - s e a s o n  d a t a  s e t s  c o u l d  be 
a s s e s s e d  on an equal s a m p l i n g  b a s i s  in s u b s e q u e n t  years.
S e l e c t i o n  of this TM d a t a  set wa s  d i c t a t e d  m o r e  by 
a v a i l a b i l i t y  rather than seasonal pref e r e n c e .  Data from a 
d i f f e r e n t  time of y e a r  (late s p r i n g ) • or p e r h a p s  m u l t i p l e  
s e a s o n s  (winter an d  summer), m i g h t  h a v e  m a d e  spectral 
s e p a r a t i o n  of the s u b j e c t  c o v e r  types m o r e  feasible.
A n a l y s i s  of a t w o - s e a s o n  d a t a  set is d i s c u s s e d  in the 
s e c t i o n  on July 1 9 7 8 - M a r c h  1979 MSS D a t a  C l a s s i f i c a t i o n s .
Individual pixel m a p p i n g  of forest lands is not well 
s u i t e d  for use in forest m a n a g e m e n t  practices. C o m m e r c i a l  
timber lands a r e  u s u a l l y  p a r t i t i o n e d  into c o n t i g u o u s  u n i t s  
(stands) w h i c h  ar e  m a n a g e d  n o r m a l l y  on the b a s i s  of m a jor 
o v e r s t o r y  s p e c i e s  c o m p o s i t i o n .  Rarely, if ever, w o u l d  a 
f o r e s t e r  or s i m i l a r  land m a n a g e r  n e e d  to know the timber 
t ype of an a r e a  the s i z e  of a L a n d s a t  TM or M S S  pixel (0.06 
a n d  0 . 4 4  ha. r e s p e c t i v e l y ) .  A r e a s  this small go u n n o t i c e d  
w h e n  c o m b i n e d  into s t a n d s  w h i c h  may be tens or h u n d r e d s  of 
h e c t a r e s  in size. Theref o r e ,  the r e s u l t s  r e p o r t e d  for 
s i n g l e - p i x e l  a g r e e m e n t  of b o t h  the u n s u p e r v i s e d  and 
s u p e r v i s e d  c l a s s i f i c a t i o n s  a r e  o b v i o u s l y  m i s l e a d i n g  in terms 
of pra c t i c a l  a p p l i c a t i o n  of the data.
95
T h e s e  s t a t e m e n t s  h e l p  identify the n e e d  for s e l e c t i o n  
of a l t e r n a t i v e  c l a s s i f i c a t i o n  t e s t i n g  methods. L a r g e - a r e a  
a g r e e m e n t  d e t e r m i n a t i o n s  (for stands) s h o u l d  be be t t e r  
a d a p t e d  to forest m a p p i n g  than s i n g l e - p i x e l  assessments.
T h e  n e x t  s e c t i o n s  d i s c u s s  the r e s u l t s  o b t a i n e d  from TM data 
b a s e d  on this idea.
S u p e r v i s e d  c l a s s i f i c a t i o n  r e s u 1ts (t r a i n i n g  f i e l d s ).—  
A s t r a i g h t f o r w a r d  way to e v a l u a t e  the c l a s s i f i c a t i o n  of 
L a n d s a t  d a t a  is to test the a g r e e m e n t  of t r a i n i n g  field 
c l a s s i f i c a t i o n  to g r o u n d  d a t a  (Mead and M e yer 1977). T h i s 
a p p r o a c h  is u p w a r d l y  b i a s e d  (Mead a n d  S z a j g i n  1982) but 
g i v e s  a g o o d  i n d i c a t i o n  of how well the t r a i n i n g  fields 
d e f i n e d  s p e c t r a l l y  s e p a r a b l e  classes. T r a i n i n g  fields for 
this B t u d y  w e r e  te s t e d  for s i n g l e - c e l l  and w h o l e  p o l y g o n  
a greement. TM c l a s s i f i c a t i o n s  u n m o d i f i e d  (Figure 13) and 
m o d i f i e d  by s o i l - c o v e r  type p r o b a b i l i t i e s  (Figure 14) were 
tested.
S i n g l e - c e l l  a g r e e m e n t  was d e t e r m i n e d  in the s a m e  
f a B hion as d e s c r i b e d  a b o v e  with the e x c e p t i o n  that only 
p i x e l s  w i t h i n  the t r a i n i n g  p o l y g o n s  were evaluated. Th e  72 
t r a i n i n g  p o l y g o n s  c o n t a i n e d  a total of 1.559 pixels. T a b l e  
8 g i v e s  a s u m m a r y  of the c l a s s i f i c a t i o n  r e sults obtained, by 
pixels, from the s u p e r v i s e d  (SUPE) c l a s s i f i c a t i o n  b e f o r e  and 
a f t e r  m o d i f i c a t i o n  by p r i o r  o c c u r r e n c e  p r o b a b i l i t i e s  from 
the s o i l s  d a t a  (Table 2).
A s expected, a g r e e m e n t  of the t r a i n i n g  field p i x e l s  
(Table 8) was m u c h  h i g h e r  than for all p i x e l s  in the s t u d y
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F i g u r e  14. S u p e r v i s e d  c l a s s i f i c a t i o n  of L a n d s a t  TM d a t a  of 
c o m p a r t m e n t  23 of K i s a t c h i e  R a n g e r  D i s t r i c t  
( c l a s s i f i c a t i o n  m o d i f i e d  by s o i l s  data).
97
T a b l e  8. R e s u l t s  of a g r e e m e n t  test. by pixels, for t r a i n i n g  
fields used for s u p e r v i s e d  c l a s s i f i c a t i o n  of 
L a n d s a t  TM data.
C l a s s i f i c a t i o n  m e t h o d
S u p e r v i s e d  S u p e r v i s e d  by
(unmodified) s o i l s
C o v e r  N u m b e r  of N u m b e r  P e r c e n t  N u m b e r  P e r c e n t
c l a s s  p i x e l s  c o r r e c t  c o r r e c t  c o r r e c t  c o r r e c t
O p e n  125 54 43 54 43
L o n g l e a f  484 289 60 3 1 3  65
L o b l o l l y  57 0  386 68 432 76
H a r d u o o d s  38 0  324 85 32 4  85
Overall 1559 1053 68 1125 72
E x c 1u d i n g
o p e n  1434 9 9 9  70 1071 75
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c o m p a r t m e n t s .  C l a s s  a g r e e m e n t  of the u n m o d i f i e d  
c l a s s i f i c a t i o n  impr o v e d  from 15 to 22 p e r c e n t a g e  p o i n t s  over 
the s u p e r v i s e d  TM c l a s s i f i c a t i o n  r e s u l t s  g i v e n  earlier. 
Overall a g r e e m e n t  ua s  21 p e r c e n t a g e  p o i n t s  higher. However, 
only the h a r d u o o d  c a t e g o r y  g a v e  a s a t i s f a c t o r y  result (85 
percent) for m a p p i n g  purposes.
M o d i f i c a t i o n  of the c l a s s i f i c a t i o n  by s o i l s  i n f o r m a t i o n  
i m p r o v e d  c l a B S  a g r e e m e n t s  from 0 to 8 p e r c e n t a g e  points.
Th e  o p e n  c l a s s  u a s  not m o d i f i e d  by s o i l s  data. O n l y  the 
h a r d u o o d  c l a s s  had a c c e p t a b l e  a g r e e m e n t  a f t e r  m o d i f i c a t i o n  
(85 percent). O v e rall a g r e e m e n t  u a s  impr o v e d  by 4 
p e r c e n t a g e  p o i n t s  over the u n m o d i f i e d  c l a s s i f i c a t i o n .
Overall a g r e e m e n t s  for the u n m o d i f i e d  an d  m o d i f i e d  
c l a s s i f i c a t i o n s  w i t h  o p e n  a r e a s  e x c l u d e d  w e r e  70 and 75 
percent, respectively. T h e s e  r e sults u e r e  c o m p a r e d  to other 
c l a s s i f i c a t i o n s  by u s e  of a n a l y s i s  of variance.
C o m b i n a t i o n  of the tuo p i n e  c l a s s e s  improved the pine  
c a t e g o r y  a g r e e m e n t  to 88 p e r c e n t  and the overall a g r e e m e n t  
to 84 percent. T h e s e  s a m e  c o m p a r i s o n s  b a s e d  on the 
c l a s s i f i c a t i o n  m o d i f i e d  by the s o i l s  data g a v e  a g r e e m e n t s  as 
follows: pine. 94 percent: harduoods. 86 percent: overall.
88 percent; overall e x c l u d i n g  open areas. 92 percent. These 
p e r c e n t a g e s  ar e  p r o b a b l y  the h i g h e s t  u h i c h  c o u l d  be 
obtained, u n d e r  ideal cond i t i o n s ,  for s u p e r v i s e d  
c l a s s i f i c a t i o n  of the TM d a t a  u h i c h  ua s  used for this study.
R e s u l t s  o b t a i n e d  from t e s t i n g  individual p i x e l s  still 
do not suit the p o t e n t i a l  n e e d s  of forest management:
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T herefore, the t r a i n i n g  fields were a l s o  tested as s i n g l e  
entities. C o r r e c t  t r a i n i n g  fields w e r e  d e s c r i b e d  as those 
in w h i c h  the m a j o r i t y  of the p i x e l s  fell into the c o r r e c t  
class. T h e  next p a r a g r a p h s  d e s c r i b e  the r e s u l t s  of this 
m e t h o d  of a g r e e m e n t  testing.
S e v e n t y - t w o  p o l y g o n s  ( t raining fields) were a s s e s s e d  
for a g r e e m e n t  to the g r o u n d - v e r i f i c a t i o n  data. Th e  r e s u l t s  
of t h ese tests a r e  g i v e n  in T a b l e  9. Agreement, by class, 
w a s  h i g h  for the forest c a t e g o r i e s  as te s t e d  by the t r a i n i n g  
polygons. Of the forest classes, o n l y  longleaf g a v e  
u n a c c e p t a b l y  low a g r e e m e n t  by this method. T h e  e r r o r s  in
the longleaf an d  l o b l o l l y  u e r e  p r i m a r i l y  c a u s e d  by
c l a s s i f i c a t i o n  c r o s s - o v e r s  b e t u e e n  the tuo classes. 
C o m b i n a t i o n  of these tuo c l a s s e s  g a v e  a p i n e  c l a s s  a g r e e m e n t  
of 98 and 100 percent, respectively, for the s u p e r v i s e d  and 
s u p e r v i s e d - m o d i f i e d - b y - s o i I s  c l a s s i f i c a t i o n s .  Overall 
a g r e e m e n t  b a B e d  on p o l y g o n s  for open. pineB. and h a r d w o o d s  
u a s  93 p e r c e n t  in b o t h  cases; 97 p e r c e n t  if open a r e a s  were 
elimi n a t e d .
T h e s e  r e s u l t s  w e r e  e n c o u r a g i n g  b e c a u s e  they
d e m o n s t r a t e d  the po t e n t i a l  for a h i g h  level of a g r e e m e n t  for
a r e a s  of B t a n d  Bize. Thus, the s u c c e s s  o b t a i n e d  for p o l y g o n  
a g r e e m e n t  j u s t i f i e d  further t e sting of the a g r e e m e n t  b e t u e e n  
the TM s u p e r v i s e d  c l a s s i f i c a t i o n  and U S F S  stands.
S u p e r v i s e d  cl a s s i  f icat ion r e s ults (s t a n d s ) . —  All 
s t a n d s  in c o m p a r t m e n t s  23. 39. AO. and 46 that w e r e  not 
a d v e r s e l y  a f f e c t e d  by clouds, c l o u d  shadows, or recent
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T a b l e  9. R e s u l t s  of a g r e e m e n t  test* by polygons, for t r a i n i n g  
fields u s e d  for s u p e r v i s e d  c l a s s i f i c a t i o n  of 
L a n d s a t  TM data.
C l a s s i f i c a t i o n  m e t h o d
S u p e r v i s e d  S u p e r v i s e d  by
(unmodified) s o i l s
C o v e r  N u m b e r  of N u m b e r  P e r c e n t  N u m b e r  P e r cent
c l a s s  p o l y g o n s  c o r r e c t  c o r r e c t  c o r r e c t  c o r rect
O p e n  5 2 40 2 40
L o n g l e a f  22 17 77 17 77
L o b l o l l y  25 22 88 24 96
H a r d u o o d s  20 19 95 18 90
Overall 72 60 83 61 85
E x c l u d i n g
o p e n  67 58 87 59 88
101
f o r e s t r y  o p e r a t i o n s  w e r e  a n a l y z e d  (example g i v e n  in F i g u r e  
15). A c o m p a r i s o n  of the g r o u n d - v e r i f i c a t i o n  to the USFS 
s t a n d  d e s i g n a t i o n  ua s  first m a d e  for all stands. The 
r e s u l t s  ar e  g i v e n  in T a b l e  10.
A p a u c i t y  of s a m p l a b l e  o p e n  s t a n d s  u e r e  a v a i l a b l e  for 
t h ese c o m p a r i s o n s  b e c a u s e  the C I S C  d a t a  ind i c a t e d  that 
a c t i v i t y  had o c c u r r e d  in m a n y  of the s e  a r e a s  b e t u e e n  the 
L a n d s a t  and g r o u n d - v e r i f i c a t i o n  i m a gery dates. Thus, most  
r e g e n e r a t i o n  (open) s t a n d s  u e r e  not s u i t a b l e  for us e  in this 
project. S m a l l e r  o p e n  z o n e s  in o t h e r u i s e  fores t e d  s t a n d s  
u e r e  u s e d  in the s i n g l e - c e l l  t e s t i n g  p r o c e d u r e s  d i s c u s s e d  
pr e viously.
C l a s s  a g r e e m e n t s  for the 0 - 3  ASUI B t a n d s  u e r e  hi g h e r  
than for the 4-6 ASUI stands. T h i s  ind i c a t e s  that the 0-3 
ASUI B t a n d s  u e r e  m o r e  c o n s i s t e n t  than the 4-6 ASUI s t a n d s  
u i t h  respect to c r o u n  closure, c r o u n  diameter, a n d  timber 
type. S t a n d  a t t r i b u t e s  had a n o t i c e a b l e  e f f e c t  on the 
i n t e r p r e t a t i o n  of the NHAP p h o t o g r a p h y  u s e d  for p i n e  c l a s s  
d e l i n e a t i o n .  Individual t r e e s  u e r e  not e a s i l y  d i s c e r n e d  on 
the N H A P  imagery. Theref o r e ,  s t a n d  c o lor and c o n s i s t e n c y  of 
c o l o r  u e r e  the m o s t  i m p o r t a n t  k e y s  to i n t e r p r e t a t i o n  of this 
imagery. S t a n d s  i n t e r p r e t e d  u i t h  h i g h  u n i f o r m i t y  (lou ASUI) 
on the A S C S  p h o t o g r a p h s  u e r e  m o r e  likely to be in a g r e e m e n t  
u i t h  the F o r e s t  S e r v i c e  d e s i g n a t i o n s  for t h ese reasons. 
A g r e e m e n t  of the l o b l o l l y  s t a n d s  u a s  lou for b o t h  ASUI 
cate g o r i e s .  H a r d u o o d s  o f t e n  r e p r e s e n t e d  a large p r o p o r t i o n  
of this timber type and. p a r t i c u l a r l y  in y o u n g  and m a t u r e
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T a b l e  10. C o m p a r i s o n  of U S F S  s t a n d  d e s i g n a t i o n  to
g r o u n d - v e r i f i c a t i o n  for c o m p a r t m e n t s  23. 39. 
40. and 46.
ASU1
USFS 
c o v e r 
c lass
0 1 u s t a n d s 4 -6 s t a n d s T o t a l s  for s t a n d s
No.
P e r c e n t  
cor rect No.
P e r c e n t
c o r r e c t No.
N u m b e r  Pe r c e n 
c o r r e c t  co r r e c
O p e n - - 1 100 1 1 100
L o n g l e a f 9 100 21 48 30 19 63
L o b l o i l y 32 64 12 83 44 37 84
H a r d u o o d s 14 93 6 83 20 18 90
Overall 55 69 40 65 95 75 79
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stands* the h i g h e r  h a r d u o o d  c o m p o n e n t  c o u l d  h a v e  c a u s e d  
p h o t o i n t e r p r e t a t i o n  pro b l e m s .  Overall a g r e e m e n t  <Table 10) 
for the 0 - 3  ASUI s t a n d s  was h i g h e r  than for the 4 - 6  ASUI 
stands* d e m o n s t r a t i n g  that u n i f o r m  s t a n d s  w e r e  m o r e  
c o n s i s t e n t l y  i n t e r preted. Th e  r e l a t i o n s h i p  of aerial 
u n i f o r m i t y  to c o n s i s t e n c y  of i n t e r p r e t a t i o n  is also 
d i s c u s s e d  in the a n a l y s i s  of the spect r a l  recognition* by 
type* as c o m p a r e d  to the U S F S  s t a n d  de s i g n a t i o n s .
A g r e e m e n t  of the TM s u p e r v i s e d  c l a s s i f i c a t i o n  was 
c o m p a r e d  to the g r o u n d - v e r i f i c a t i o n  m a p s  by stands. T h e  
U S F S  s t a n d  d e s i g n a t i o n s  w e r e  not used. Instead* e a c h  s t a n d  
wa s  i d e n t i f i e d  to forest type by the d o m i n a n t  tim b e r  
c o m p o n e n t  d e t e r m i n e d  from the g r o u n d - v e r i f i c a t i o n  m a p s  
b e c a u s e  the g r o u n d - v e r i f i c a t i o n  data had a k n o w n  a g r e e m e n t  
to the field p l o t s  and w e r e  a l s o  a s s o c i a t e d  with the 
spectral c h a r a c t e r i s t i c s  of the s t a n d s  as s e e n  on the aerial 
p h o t o g r a p h y .
A g r e e m e n t  was s u b s t a n t i a l l y  lower for the r e s u l t s  given 
in T a b l e  11 as c o m p a r e d  to those in T a b l e  10* w h i c h  is 
r e a s o n a b l e  s i n c e  the g r o u n d - v e r i f i c a t i o n  m a p s  w e r e  s h o w n  to 
be less than 100 p e r c e n t  accurate. N e v e r t h e l e s s *  the s e 
r e s u l t s  indi c a t e  s o m e  d e f i n i t e  tre n d s  w h i c h  a r e  d i s c u s s e d  
below.
L o n g l e a f  p i n e  s t a n d s  w e r e  c l a s s i f i e d  aB exp e c t e d ;  
u n i f o r m  s t a n d s  (0-3 A S U I ) w e r e  b e t t e r  i d e n t i f i e d  than non- 
u n i f o r m  o n e s  <4-6 ASU1). T h e  u n i f o r m  s t a n d s  p r o b a b l y  had 
m o r e  c o n s i s t e n t  r e f l e c t a n c e  c h a r a c t e r i s t i c s  than the others.
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T a b l e  11. R e s u l t s  of g r o u n d - v e r i f i c a t i o n  and s u p e r v i s e d  
L a n d B a t  TM c l a s s i f i c a t i o n  (modified by soils) 
a g r e e m e n t  for c o m p a r t m e n t s  23. 39. 40. and 45.
A S U  1
0- 3  s t a n d s  4-6 s t a n d s  T o t a l s  for s t a n d s
C o v e r  P e r c e n t  P e r c e n t  N u m b e r  P e r c e n t
c l a s s  No. c o r r e c t  No. c o r r e c t  No. c o r r e c t  c o r r e c t
Open — — 2 0 2 0 0
L o n g l e a f 12 75 12 42 24 14 58
L o b l o l l y 27 70 20 95 47 38 81
H a r d w o o d s 16 88 6 100 22 20 91
O v e r a l 1 55 76 40 75 95 72 76
E x c l u d i n g
o p e n  5 5  76 38 79 9 3  72 77
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Just the o p p o s i t e  u a s  true for lobl o l l y  p i n e  and h a r d w o o d  
stands. In both cases, the n o n - u n i f o r m  s t a n d s  of these two 
c l a s s e s  w e r e  i d e n t i f i e d  b e t t e r  than the u n i f o r m  ones (Table 
11). L o b l o l l y  p i n e  a n d  h a r d w o o d  s t a n d s  of low u n i f o r m i t y  
(4-5 A5UI) s e e m e d  to b e  s p e c t r a l l y  d i s t i n g u i s h a b l e  due to 
inherent n o n - u n i f o r m i t y .  T y p i c a l  s t a n d s  of t h ese two t y pes 
m a y  be less uniform, by spec t r a l  nature, than typical 
longleaf stands. For instance, u n i f o r m  l o b l o l l y  s t a n d s  with 
large h a r d w o o d  c o m p o n e n t s  m a y  h a v e  had s i g n i f i c a n t l y  r e duced 
r e f l e c t a n c e  (due to c o n i f e r  c r o w n  s h a d o w  and leafless 
h a r d w o o d s ) .  T h e s e  s t a n d s  w o u l d  a p p e a r  s p e c t r a l l y  s i m i l a r  to 
h a r d w o o d  stands, w h i c h  also w o u l d  h a v e  low r e f l e c t a n c e  at 
the time of year in w h i c h  the i m a g e r y  u a s  a c q u i r e d  (winter).
Uni f o r m i t y .uas d e t e r m i n e d  from aerial p h o t o g r a p h y  for 
forest s t a n d s  und e r  l e af-on c o n d i t i o n s  (late spring).
U n i f o r m  p i n e  s t a n d s  w i t h  h a r d w o o d s  c o u l d  be s p e c t r a l l y  non- 
u n i f o r m  in the winter. Thus, the s i g n a t u r e s  d e v e l o p e d  for 
what w e r e  t h ought to be u n i f o r m  c o n d i t i o n s  m a y  have be t t e r  
r e p r e s e n t e d  n o n - u n i f o r m  condi t i o n s .  C l o s e r  e x a m i n a t i o n  of 
th ese f i n d i n g s  h e l p e d  i d e n t i f y  the tr e n d s  a s s o c i a t e d  with 
the r e s u l t s  (Table 12).
N o t e  that when c r o s s - o v e r  o c c u r r e d  in the 
c l a s s i f i c a t i o n ,  it u a s  a s s u m e d  that the e r r o r  o c c u r r e d  
w i t h i n  the s a m e  ASUI group. C r o B s - o v e r  b e t w e e n  the ASUI 
g r o u p s  c o u l d  not be d e t e r m i n e d  s i n c e  o n l y  0 - 3  ASUI a r e a s  
w e r e  used for spec t r a l  s i g n a t u r e  gener a t i o n .  Of the ten 
m i s c l a s s i f i e d  longleaf stands, s e v e n  w e r e  in the 4 - 6  ASUI
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T a b l e  12. C o n f u s i o n  tab l e  of s t a n d  a g r e e m e n t  for
s u p e r v i s e d  c l a s s i f i c a t i o n  of J a n u a r y  1983 
L a n d s a t  TH d a t a  as m o d i f i e d  by s o i l s  data.
Cl a s s i  f i c a t i o n
O p e n  L o n g l e a f  L o b l o l l y  H a r d w o o d
C o ver 0- 3  4- 6  0 - 3  4- 6  0 - 3  4-6 < P e r c e n t
c l a s s  ASUI ASUI ASUI ASUI ASUI ASUI Total c o r r e c t
Open
L o n g l e a f
(0-3) 9
(4-6)
Lo b  l-o 1 ly 
(0-3)
(4-6)
H a r d w o o d s
(0-3)
(4-6) '
3
5 6
19 8
19
2 14
2 0
12 75
1 12 42
27 70
1 20 95
16 88
6 6 100
O v e r a l 1 95 76
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g r o u p  a n d  n i n e  of the ten w e r e  c o n f u s e d  w i t h  the loblolly  
class.
C l a s s i f i c a t i o n  c r o s s - o v e r  b e t w e e n  the two p i n e  c l a s s e s  
u a s  e x p e c t e d  d u e  to the spec t r a l  s i m i l a r i t i e s  b e t w e e n  them. 
All i n c o r r e c t l y  i d e n t i f i e d  l o b l o l l y  s t a n d B  u e r e  c o n f u s e d  
u i t h  h a r d u o o d s  an d  likewise, h a r d w o o d  s t a n d s  u e r e  c o n f u s e d  
w i t h  l o b l o l l y  stands. T h e s e  r e s u l t s  d e m o n s t r a t e  that e r r o r s  
in c l a s s i f i c a t i o n  w e r e  most likely to o c cur b e t w e e n  
" e c o s p e c t r a l l y "  s i m i l a r  c a t e g o r i e s .  The n o t i o n  of 
e c o s p e c t r a l  c l a s s i f i c a t i o n ,  w h i c h  takes into a c c o u n t  
e c o l o g i c a l  s i t e  p r e f e r e n c e  an d  spectral c h a r a c t e r i s t i c s  of 
v e g e t a t i o n ,  was p r o v i d e d  by C r a i g h e a d  et al. (1982).
R e g r o u p i n g  of the two p i n e  c l a s s e s  g a v e  a p i n e  c a t e g o r y  
a g r e e m e n t  of 86 p e r c e n t  and an overall a g r e e m e n t  of 85 
p e r c e n t  (87 p e r c e n t  if the open c l a s s  is not c o n s i d e r e d ) .  
A n a l y s i s  of s t a n d  ag r e e m e n t ,  by v o l u m e  class, is d i s c u s s e d  
in the next section.
TM Bta n d  a g r e e m e n t  by v o 1u m e  c 1 a s s .—  P r o p o r t i o n s  of 
m i s c l a s s i f i e d  s t a n d s  u e r e  d e t e r m i n e d  by v o l u m e  c l a s s  in 
o r d e r  to show the p o s s i b l e  r e l a t i o n s h i p s  b e t w e e n  s t a n d 
v o l u m e  a n d  c l a s s i f i c a t i o n  e r r o r s  from the Til analysis.
T a b l e  13 ua s  d e v e l o p e d  from t h ese results.
No s t a n d s  w e r e  t e s t e d  in the first v o l u m e  class. The 
firBt v o l u m e  c l a s s  h a s  b e e n  B h o u n  to be d i f f i c u l t  to d e t e c t  
in this TM d a t a  set. Th e  o n l y  s t a n d s  w h i c h  w o u l d  be 
c o n s i d e r e d  as open had n u m e r o u s  large tre e s  which, when 
c o n s i d e r e d  uith ASUI. w o u l d  c a u s e  the s t a n d s  to be p l a c e d
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T a b l e  13. D i s a g r e e m e n t  of stands, by v o l u m e  class, for 
L a n d s a t  TM s u p e r v i s e d  c l a s s i f i c a t i o n  as 
m o d i f i e d  by s o i l s  data.
V o l u m e  c l a s s  No. of e r r o n e o u s  Total P e r c e n t
(m3 /ha) s t a n d s  e r ror
< 4 5 . 9 
4 5 . 9 - 2 2 9 . 0
2 3 0 . 0 - 4 5 8 . 9
4 5 9 . 0 - 6 8 8 . 9  
> 6 8 8 . 9
4
8
10
1
10
42
29
14
40
19
34
7
1 10
into h i g h e r  v o l u m e  classes.
C o n f u s i o n  of forest c l a s s e s  in the s e c o n d  v o l u m e  
c a t e g o r y  (Table 13) wa s  b e t w e e n  the longleaf an d  loblolly 
c l a s s e s  a n d  all the c o n f u s e d  s t a n d s  (four total) w e r e  in the 
4 - 6  ASUI range. T h i s  result ua s  a n t i c i p a t e d  b e c a u s e  large 
d i f f e r e n c e s  in s t e m  d e n s i t y  and c r o w n  s i z e  (non-uniform) in 
t h ese s t a n d s  c o u l d  be e x p e c t e d  to g i v e  spectral 
c l a s s i f i c a t i o n  pro b l e m s .  T h r e e  of the eig h t  e r r o r s  in the 
third v o l u m e  c l a s s  w e r e  a t t r i b u t e d  to 1o b 1o 11y - h a r d w o o d  
confusion. Four e r r o r s  in this v o l u m e  c l a s s  u e r e  b e t w e e n  
l ongleaf an d  loblolly. Th e  o t her e r r o r  uas an open s t a n d 
u h i c h  ua s  a t t r i b u t e d  to the lobl o l l y  claBS.
Th e  fourth v o l u m e  c l a s s  in T a b l e  13 r e p r e s e n t e d  an 
a p p a r e n t  m a j o r  t r a n s i t i o n  b e t w e e n  loblolly p i n e  and h a r d w o o d  
stands. Six of the ten s t a n d s  in e r r o r  uere lobl o l l y  s t a n d s  
u h i c h  u e r e  c l a s s i f i e d  as harduoods. O n l y  one longleaf stand 
uas c o n f u s e d  u i t h  h a r d w o o d  in this class. Th e  o t her e r r o r s  
u e r e  h a r d u o o d  s t a n d s  u h i c h  u e r e  c o n f u s e d  aB lobl o l l y  pines. 
S t a r t i n g  u i t h  v o l u m e  c l a s s  two. the r e l a t i v e  n u m b e r  of 
loblolly p i n e  s t a n d s  c o n f u s e d  u i t h  h a r d u o o d  s t a n d s  increased 
u i t h  h i g h e r  v o l u m e  classes.
Reflectance characteristics of the loblolly pine stands 
may be key factors uhich uere involved in the spectral 
confusion uith harduood stands. These attributes uere 
diBCUBBed previously in reference to spectral separation of 
pine stands on CIR aerial photography. Reduced reflectance 
of loblolly pine may be accentuated in older stands of high
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v o l u m e  s i n c e  the c r o w n s  a r e  m o r e  u n e v e n  and p r o d u c e  c r own  
s h a d o w  w i t h i n  the m a i n  canopy. R e f l e c t a n c e  in the e r r o n e o u s  
s t a n d B  may h a v e  b e e n  s u f f i c i e n t l y  r e d u c e d  as to be 
m i s c o n s t r u e d  as r e f l e c t a n c e  in the l e a f l e s s  h a r d w o o d  stands. 
M a t u r e  l o b l o l l y  B t a n d s  with c l o s e d  c a n o p i e s  may h a v e  had 
lower r e f l e c t a n c e  s i m i l a r  to those i n v e s t i g a t e d  by M e a d  et 
al. (1979) who n o t e d  r e d u c e d  spectral r e s p o n s e  in p o n d e r o s a  
p i n e  (P. p o n d e r o s a  Laws.) s t a n d s  w i t h  inc r e a s e d  c a n o p y  
closure.
Prescription fire is used regularly in all pine stands 
in the study area. Observations made on field plots in the 
Btudy area indicated that fire has not controlled hardwoods 
in the loblolly stands as effectively as in longleaf stands. 
Most loblolly pine stands were found on moist side and lower 
slopes as contrasted to longleaf stands, which occurred on 
the drier ridge crests.
A n a l y s i s  of the i n f o r m a t i o n  u s e d  to g e n e r a t e  T a b l e  2 
(see also T a b l e  3) c o n f i r m e d  that longleaf p i n e  was more 
l ikely to occur on ridge c r e s t s  than lobl o l l y  p i n e  and that 
l o b l o l l y  p i n e  was m o r e  p r e v a l e n t  on s i d e  s l o p e s  an d  s t r e a m  
bottoms. M o i s t  c o n d i t i o n s  in the lobl o l l y  s t a n d s  w o u l d  tend 
to reduce fire s e v e r i t y  an d  a l l o w  s o m e  e s t a b l i s h m e n t  of 
h a r d w o o d s  in the u n d e r s t o r y .  Und e r  this s o r t  of regime, 
h a r d w o o d s  w o u l d  g r a d u a l l y  o c c u p y  c o d o m i n a n t  an d  d o m i n a n t  
p o s i t i o n s  in the c a n o p i e s  of lobl o l l y  Btands. S u c h  leaf l e s s  
h a r d u o o d  c r o w n s  in the loblolly c a n o p y  w o u l d  reduce the 
B t a n d  r e f l e c t a n c e  to a p o i n t  w h e r e  it c o u l d  be s i m i l a r  to
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that of a predominantly hardwood Btand.
T h e  i n f o r m a t i o n  p r e s e n t e d  in the p r e v i o u s  d i s c u s s i o n  of 
T a b l e  13 lends s u p p o r t  to the a b o v e  ass u m p t i o n s .  No loblolly  
p i n e  s t a n d s  uere c o n f u s e d  u i t h  h a r d u o o d  s t a n d s  in the s e c o n d  
v o l u m e  class. C o n f u s i o n  of l o b l o l l y  p i n e  and h a r d w o o d s  uas 
s u c c e s s i v e l y  g r e a t e r  u i t h  inc r e a s e s  in s t a n d  volume.
However, no c o n f u s i o n  ua s  n o t e d  for the fifth v o l u m e  c l a s s  
B i n c e  n e i t h e r  of the p i n e  c l a s s e s  w e r e  r e p r e s e n t e d  by s t a n d s  
in this v o l u m e  range. Th e  d e s c r i p t i o n  of p l ant s u c c e s s i o n  
in loblolly pine s t a n d s  p r o v i d e d  by Crow (1980) lends 
s u p p o r t  to these ideas.
L a n d s a t  MS S  d a t a  u e r e  p r o c e s s e d  and a n a l y z e d  by us e  of 
the s a m e  p r o c e d u r e s  d e s c r i b e d  for the TM d a t a  set. The 
findi n g s  from these a n a l y s e s  are g i v e n  in the fol l o w i n g  
sections. A n a l y s i s  of v a r i a n c e  uas used to c o m p a r e  all the 
c l a s s i f i c a t i o n s  as repor t e d  in the C l a s s i f i c a t i o n  
C o m p a r i s o n s  s e c t i o n  of this report.
J a n u a r y  1983 MSS D a t a  ClasBi fic a t i o n s
T h i s  and the s e c t i o n  oh July 1 9 7 8 - M a r c h  1979 Data  
C l a s s i f i c a t i o n s  fo l l o w  c l o s e l y  the format used for 
d i s c u s s i o n  of the TM a n a l y s i s  results. S i g n a t u r e  t r a i n i n g  
an d  d a t a  c l a s s i f i c a t i o n  t e c h n i q u e s  w e r e  kept c o n s t a n t  for 
all d a t a  s e t s  so that the r e s u l t s  c o u l d  be e a s i l y  c o m p a r e d  
by a n a l y s i s  of variance.
U n s u p e r v i s e d  classi f icat ion r e s u l t s .—  O n l y  five 
Bpectral s i g n a t u r e s  w e r e  d e v e l o p e d  from the S R C H  a n a l y s i s  of 
the J a n u a r y  1983 MSS data. Th e  s a m e  p a r a m e t e r s  d e s c r i b e d
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for TM a n a l y s i s  w e r e  u s e d  for the MS S  data. Th e  five 
c l a s s e s  u e r e  c o m p a r e d  to the g r o u n d - v e r i f i c a t i o n  d a t a  by use 
of ACTB. N e i t h e r  o p e n  a r e a s  nor h a r d w o o d s  u e r e  p r e v a l e n t  
e n o u g h  to be a s s i g n e d  to the s p e c t r a l  classes. T h u s  a two- 
c a t e g o r y  (longleaf a n d  loblolly) c o v e r  ma p  u a s  p r o d u c e d  
(Figure 16).
All of the c l a s s i f i e d  p i x e l s  (e x c l u d i n g  clouds, clo u d  
shadows, a n d  s t a n d s  s u s p e c t e d  of m o d i f i c a t i o n ) ,  uere 
c o m p a r e d  for all n i n e  of the test c o m p a r t m e n t s  (16.519 
p i x e l s  used). Th e  o v e r a l l  a g r e e m e n t  for this c l a s s i f i c a t i o n  
u a s  q u i t e  low —  44 percent. Th e  longleaf an d  l o b l o l l y  pine 
c l a s s e s  h a d  a g r e e m e n t s  of 49 and 71 percent, respectively. 
T h r e e - c l a s s  a g r e e m e n t  (open. pineB. and h a r d u o o d s )  ua s  72 
percent; 78 p e r c e n t  w i t h  open a r e a s  excluded. Note, 
however, that the t h r e e - c l a s s  a g r e e m e n t  is m i s l e a d i n g  
b ecause, w h e n  the p i n e s  w e r e  combined, the p i n e  c l a s s  had a 
100 p e r c e n t  a g r e e m e n t .  T h e  other two classes, as b e f o r e  
stated, u e r e  not i d e n t i f i e d  and. therefore, had a g r e e m e n t s  
of z e r o  percent.
S u p e r v i s e d  cla s s i  f i c a t i o n  r e s u l t s  (all p i x e l s ) .—  The 
s u p e r v i s e d  c l a s s i f i c a t i o n  b a s e d  on the J a n u a r y  1983 MSS data 
g a v e  e x t r e m e l y  low a g r e e m e n t s  for all the c l a s s e s  a n a lyzed:
o p e n  = 8 percent,
l o n g l e a f - s l a s h  p i n e  = 25 percent,
l o b l o l l y - s h o r t l e a f  p i n e  = 49 percent, and
h a r d u o o d s  = 50 percent.
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K i s a t c h i e  R a n g e r  District.
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The overall a g r e e m e n t  ua s  o n l y  38 perce n t ;  47 p e r c e n t  if the 
open c l a s s  ua s  e x cluded. C o m b i n a t i o n  of the tuo p i n e  
c l a s s e s  impr o v e d  the p i n e  a g r e e m e n t  to 67 p e r c e n t  and 
i m p r o v e d  the overall a g r e e m e n t  to 5 9  perce n t .  73 p e r c e n t  if 
o p e n  a r e a s  u e r e  ex c l u d e d .  T h e s e  r e s u l t s  u e r e  far b e l o u  
a c c e p t a b l e  levels of a g r e e m e n t .  C o m p a r i s o n  of the map 
r e s u l t s  (Figure 17) to the g r o u n d  v e r i f i c a t i o n  (Figure 5). 
d e m o n s t r a t e s  g r a p h i c a l l y  the d i s a g r e e m e n t  problem.
S u p e r v i s e d  classi f icat ion r e s u l t s  (t r a i n i n g  f i e I d s ).—  
B o t h  s i n g l e - c e l l  and u h o l e - p o l y g o n  a p p r o a c h e s  to 
c l a s s i f i c a t i o n  e v a l u a t i o n  u e r e  u s e d  on the J a n u a r y  1983 MSS 
results. T h i s  p r o c e d u r e  d i r e c t l y  f o l l o u s  that uBed for 
a n a l y s i s  of the TM data. C l a s s i f i c a t i o n s  t e s t e d  by t h ese 
m e t h o d s  uere c o n s i d e r e d  in b o t h  u n m o d i f i e d  and m o d i f i e d - b y -  
s o i l s  forms (Table 14).
T h e  r e sults g i v e n  in T a b l e  14 s h o u  a m a r k e d  i m provement  
over t h o s e  o b t a i n e d  for the all - p i x e l  a g r e e m e n t  test of the 
s a m e  c l a s s i f i c a t i o n .  Houever. n e i t h e r  the u n m o d i f i e d  nor 
the m o d i f i e d  (by soils) c l a s s i f i c a t i o n  r e s u l t s  u e r e  at an 
a c c e p t a b l e  level for forest mapping. M o d i f i c a t i o n  of the 
c l a s s i f i c a t i o n  by the s o i l s  data i m p r o v e d  the overall 
c l a s s i f i c a t i o n  s u b s t a n t i a l l y  (5 p e r c e n t a g e  points).
T h e  o n l y  r e a s o n a b l e  r e s u l t s  d e m o n s t r a t e d  by this 
t e c h n i q u e  u e r e  tho s e  o b t a i n e d  for the c l a s s i f i c a t i o n  in 
u h i c h  the p i n e  c a t e g o r i e s  u e r e  m e r g e d  into a s i n g l e  class. 
T h i s  impr o v e d  the o v e rall a g r e e m e n t  to 77 percent; 81 
p e r c e n t  if open a r e a s  u e r e  d e l e t e d  from the c l a s s i f i c a t i o n
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T a b l e  14. R e s u l t s  of a g r e e m e n t  test, by pixels, for training 
fields u s e d  for s u p e r v i s e d  c l a s s i f i c a t i o n  
of J a n u a r y  1983 L a n d s a t  M S S  data.
C l a s s i f i c a t i o n  me t h o d
S u p e r v i s e d  
(unmodi fied)
S u p e r v i s e d  by 
soi Is
C o v e r  N u m b e r  of N u m b e r  P e r c e n t  N u m b e r  P e r c e n t
c l a s s  p i x e l s  c o r r e c t  c o r r e c t  c o r r e c t  c o r r e c t
O p e n  40
Lo n g l e a f  244 
L o b l o l l y  280 
H a r d u o o d s  142
8
66
178
112
20
27
64
79
8
76
203
112
20
31
73
79
O v e r a l 1 706
E x c l u d i n g  
o p e n  666
364
35 6
52 399
53 391
57
59
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m o d i f i e d  by soils. A n a l y s i s  of the t r a i n i n g  fields taken as 
s i n g l e  s a m p l e  u n i t s  d e m o n s t r a t e d  a g o o d  p o t e n t i a l  for u s e  of 
the J a n u a r y  1983 M S S  d a t a  for forest s t a n d  m a p p i n g  (Table 
15) .
A l t h o u g h  the overall a g r e e m e n t  ua s  still lou. the 
forest c l a s s  a g r e e m e n t s  ( p a r t i c u l a r l y  for l o b l o l l y  and 
h a r duood) u e r e  s u b s t a n t i a l l y  improved. h o s t  of the e r r o r  
for longleaf p i n e  ua s  in c o n f u s i o n  uith loblolly. Thus, the 
c o m b i n e d  p i n e  g r o u p  h a d  a a g r e e m e n t  of 86 p e r c e n t  for the 
u n m o d i f i e d  a n d  89 p e r c e n t  for the m o d i f i e d  c l a s s i f i c a t i o n s .  
T h e  overall a g r e e m e n t  for the t h r e e - c l a s s  (open. pine, and 
h a rduood) result ua s  81 and 83 percent, respect i v e l y ,  for 
the u n m o d i f i e d  and m o d i f i e d - b y - s o i I s  c l a s s i f i c a t i o n s .  T h e s e  
findings, like t h ose for the s a m e  a n a l y s i s  of the TM data, 
s e e m  to i n d i c a t e  that m a p p i n g  on the s t a n d  level may be 
f e a s i b l e  u i t h  L a n d s a t  data. Th e  next p a r a g r a p h s  c o v e r  the 
a n a l y s i s  t e c h n i q u e s  u s e d  a b o v e  as a p p l i e d  to s t a n d  a n a l y s i s  
of the s u p e r v i s e d  c l a s s i f i c a t i o n  of the J a n u a r y  1983 MSS 
data.
S u p e r v i s e d  cl a s s i  f ication r e s u l t s  ( B t a n d s ) . —  Th e  same 
s t a n d s  used for the T M  d a t a  a n a l y s i s  u e r e  a l s o  e v a l u a t e d  for 
the J a n u a r y  1983 M S S  results. An e x a m p l e  of s t a n d  
b o u n d a r i e s  o v e r l a y e d  on one c o m p a r t m e n t  ua s  d e p i c t e d  in 
F i g u r e  15. T h e  r e s u l t s  of the c l a s s i f i c a t i o n ,  m o d i f i e d  by 
soils, a r e  g i v e n  in T a b l e  16 a n d  F i g u r e  18.
N o n e  of the l o n g l e a f  or o p e n  a r e a s  u e r e  c o r r e c t l y  
i d e n t i f i e d  u i t h  this a g r e e m e n t  test procedure.
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T a b l e  15. R e s u l t s  of a g r e e m e n t  test, by polygons, for 
t r a i n i n g  fi e l d s  u s e d  for s u p e r v i s e d  
c l a s s i f i c a t i o n  of J a n u a r y  1983 MSS data.
C l a s s i f i c a t i o n  m e t h o d
S u p e r v i s e d  S u p e r v i s e d
(unmodified) by s o i l s
C o v e r  N u m b e r  of N u m b e r  P e r c e n t  N u m b e r
c l a s s  p o l y g o n s  c o r r e c t  c o r r e c t  c o r r e c t
Open 5 0 0 0 0
L o n g l e a f  19 4 21 4 21
L o b l o l l y  25 19 75 22 88
H a r d u o o d s  20 18 90 18 90
Overall 69 41 59 44 64
E x c l u d i n g
open 64 41 64 44 69
P e r c e n t
co r r e c t
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T a b l e  16. R e s u l t s  of g r o u n d - v e r i f i c a t i o n  and s u p e r v i s e d  
J a n u a r y  1963 MS S  c l a s s i f i c a t i o n  (modified by 
soils) a g r e e m e n t  for c o m p a r t m e n t s  23. 39. 40. 
a n d  46.
ASUI
0 - 3  s t a n d s  4- 6  s t a n d s  T o t a l s  for s t a n d s
C o v e r  P e r c e n t  P e r c e n t  N u m b e r  P e r c e n t
c l a s s  No. c o r r e c t  No. c o r r e c t  No. c o r r e c t  c o r rect
O p e n — — 2 0 2 0 0
L o n g l e a f 12 0 12 0 24 0 0
L o b l o l l y 27 78 20 95 47 40 85
H a r d u o o d 16 63 6 50 22 13 59
O v e r a 11 55 56 40 55 95 53 56
E x c l u d i n g
open 55 56 38 58 93 53 57
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F i g u r e  18. S u p e r v i s e d  c l a s s i f i c a t i o n  of L a n d s a t  J a n u a r y  1983 
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Yet e x a m i n a t i o n  of the c o n f u s i o n  t a b l e  g i v e n  in T a b l e  17 
d e m o n s t r a t e s  the re a s o n  for the longleaf s t a n d  
m i s c l a s s i f i c a t i o n .  T h e  e x p l a n a t i o n  of m i s i d e n t i f i c a t i o n  of 
the classes* by ASUI group* u n d e r  the s e c t i o n  on TM r e sults 
a l s o  a p p l i e s  to these findings.
All of the longleaf s t a n d s  w e r e  c o n f u s e d  w i t h  loblolly. 
H a r d w o o d  a n d  l o b l o l l y  s t a n d s  w e r e  c o n f u s e d  as well. T h e s e  
e r r o r s  c l o B e l y  r e s e m b l e  tho s e  found in the a n a l y s i s  of the 
TM data. E c o s p e c t r a l  c l a s s i f i c a t i o n  c r o s s - o v e r  s e e m s  to 
h o l d  t r u e  for the s e  M S S  data* a r e a s o n a b l e  a s s u m p t i o n  s i n c e  
th ese d a t a  w e r e  a c q u i r e d  s i m u l t a n e o u s l y  (under the s a m e  
c o n d i t i o n s )  w i t h  the TM data.
C o m b i n a t i o n  of th e  p i n e  c l a s s e s  p r o d u c e d  a s t a n d  
a g r e e m e n t  of 90 p e r c e n t  for that g r o u p  an d  i n c r e a s e d  the 
overall agreement* by stand, to a r e s p e c t a b l e  81 percent.
Th e  high overall a g r e e m e n t  was a d i r e c t  result of the high 
p i n e  agreement. Open a r e a s  and h a r d w o o d  s t a n d s  w e r e  p o o r l y  
id e n t i f i e d  in this c l a s s i f i c a t i o n .
Julv 1 9 7 8 - M a r c h  1979 M S S  D a t a  ClaBsi f i c a t i o n s
S e c t i o n s  u h i c h  follow deal u i t h  the results o b t a i n e d  
from all c l a s s i f i c a t i o n  t e c h n i q u e s  as p e r f o r m e d  on the 
c o m b i n e d  July 1978 a n d  M a r c h  1979 L a n d s a t  MSS d a t a  set. 
C o m p a r i s o n  of t h ese r e s u l t s  u i t h  all o t h e r B  reported. thuB 
far* is p r e s e n t e d  in the s e c t i o n  on C l a s s i f i c a t i o n  
C o m p a r  isons.
U n s u p e r v i s e d  c l a s s i f i c a t i o n  r e s u l t s .—  A l t h o u g h  a large 
n u m b e r  of spectral c h a n n e l s  (eight) u e r e  r e p r e s e n t e d  by this
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T a b l e  17. C o n f u s i o n  t a b l e  of s t a n d  a g r e e m e n t  for s u p e r v i s e d  
c l a s s i f i c a t i o n  of J a n u a r y  1983 MS S  d a t a  as 
m o d i f i e d  b y  s o i l s  data.
C l a s s i f i c a t i o n
O p e n  L o n g l e a f  L o b l o l l y  H a r d w o o d s
C o ver 0- 3  4 — 6 0 - 3  4 — 6 0 — 3 4-6 P e r c e n t
c l a s s  ASUI ASUI ASUI ASUI ASUI ASUI Total c o r r e c t
Open
L o n g l e a f
(0-3) 12
(4-6)
L o b l o l 1y
(0-3) 21
(4-6)
H a r d u o o d s
(0-3) 6
(4-6)
2 2 0
12 0 
12 12 0
6 27 78
19 1 20 95
10 16 63
3 3 6 50
Overall 95 56
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d a t a  sett only four s p e c t r a l  c l a s s e s  w e r e  o b t a i n e d  from the 
u s e  of SRCH. T h i s  w a s  q u i t e  s u r p r i s i n g  s i n c e  a large a m o u n t  
of spectral d i v e r s i t y  u a s  e x p e c t e d  to occ u r  in the s e  data.
As ua s  the c a s e  u i t h  the J a n u a r y  1983 MSS S R C H  
c l a s s i f i c a t i o n ,  o p e n  a r e a s  u e r e  not i d e n t i f i e d  (Figure 19).
T h e  s a m e  n u m b e r  of p i x e l s  used for the J a n u a r y  1983 MSS 
u e r e  u s e d  to test t h e s e  results. D e s p i t e  the larger a m o u n t  
of information, the c l a s s i f i c a t i o n  uas o n l y  46 p e r c e n t  in 
a g r e e m e n t  to the g r o u n d - v e r i f i c a t i o n  data. L o n g l e a f  p i n e 
u e r e  p o o r l y  d i s t i n g u i s h e d  (4 p e r c e n t  a g r e ement) u h i l e  
lobl o l l y  p i n e  i d e n t i f i e d  fairly u e l 1 (85 p e r c e n t  a g reement). 
H a r d u o o d s  u e r e  s e p a r a t e d  in this c l a s s i f i c a t i o n  but u e r e  
o nly 62 p e r c e n t  in a g r e e m e n t  to the g r o u n d - v e r i f i c a t i o n  
data.
A g r e e m e n t  for the c o m b i n e d  p i n e  c l a s s e s  ua s  88 percent, 
and the t h r e e - c l a s s  a g r e e m e n t  (open. pine, and har d u o o d )  uas 
76 p e r c e n t  overall; 8 2  p e r c e n t  if o p e n  a r e a s  u e r e  not used. 
As uas the c a s e  u i t h  the o t her MS S  analysis, the high 
t h r e e - c l a s s  overall a g r e e m e n t  uas largely d u e  to the high 
p e r c e n t a g e  of pine, u h i c h  u a s  the best i d e n t i f i e d  c a t e g o r y  
in these data.
A general c o n c l u s i o n  u h i c h  can be m a d e  of b o t h  M S S  S R C H  
c l a s s i f i c a t i o n s  is that the p r ocedures, as p e r f o r m e d  in this 
study, u e r e  not s u i t a b l e  for u s e  in i d e n t i f i c a t i o n  of the 
forest c l a s s e s  u h i c h  u e r e  a n a l y z e d  for the s t u d y  area.
S u p e r v i s e d  classi f i c a t i o n  r e s u l t s  (all p i x e l s ) .—  
A g r e e m e n t s  for the s t u d y  c l a s s e s  u e r e  lou for the s u p e r v i s e d
KISRTCHIE SRCH OLRSSIF1CRTI0N 
JULY 1918-MRRCH, 1919 MSS -
LEGEND
( 5 0  H CELL SIZE>
■ L0BL0LLV 
HRRDU00DS
* N0T -IDENTIFIED
5CHLE = 2.0 KM
F i g u r e  19. U n s u p e r v i s e d  c l a s s i f i c a t i o n  of L a n d s a t
July 1 9 7 8 - M a r c h  1979 M S S  data of all s t u d y  
c o m p a r t m e n t s  in K i s a t c h i e  R a n g e r  District.
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c l a s s i f i c a t i o n  as tes t e d  by all p i x e l s  in the d a t a  set. In 
fact, a g r e e m e n t s  for the l o b l o l l y  a n d  h a r d w o o d  c l a s s e s  w e r e  
lower than t h o s e  o b t a i n e d  for the S R C H  c l a s s i f i c a t i o n  of the 
s a m e  data. B e l o w  are listed the a g r e e m e n t s  for this 
classi fication:
open = 56 percent,
l o n g l e a f - s l a s h  p i n e  = 53 percent.
1 o b i o l 1y - s h o r t 1eaf p i n e  = 44 percent, and
h a r d w o o d s  = 47 percent.
Overall a g r e e m e n t  wa s  49 p e r c e n t :  56 p e r c e n t  if th e  open 
c l a s s  was excluded. T h e s e  r e s u l t s  do not r e p r e s e n t  a 
s u b s t a n t i a l  i m p r o v e m e n t  over the u n s u p e r v i s e d  c l a s s i f i c a t i o n  
results. In fact, w h e n  the two p i n e  c l a s s e s  w e r e  grouped, 
the overall a g r e e m e n t  wa s  5 p e r c e n t a g e  p o i n t s  less than the 
u n s u p e r v i s e d  c l a s s i f i c a t i o n  r e s u l t s  w i t h  the s a m e  g r o u p i n g  
s c h e m e  (overall 71 p e r c e n t  agree m e n t ) .
T h e s e  a g r e e m e n t  p e r c e n t a g e s  a r e  b e l o w  original 
e x p e c t a t i o n s .  However, the r e s u l t s  d e p i c t e d  in F i g u r e s  20 
and 21. c o m p a r e d  to F i g u r e  5. s e e m  to i n d i c a t e  that this 
c l a s s i f i c a t i o n  ma y  be m o r e  useful than o r i g i n a l l y  thought. 
Therefore, the n e x t  s e c t i o n s  are p r e s e n t e d  to i n d i c a t e  that 
h i g h  s t a n d  a g r e e m e n t s  a r e  indeed the c a s e  for this 
c lassif icat ion.
S u p e r v i s e d  claBsi f i c a t i o n  r e s u l t s  (t r a i n i n g  f i e l d s ).—  
T h e  s i n g l e - c e l l  a n d  w h o l e - p o l y g o n  a g r e e m e n t  a n a l y s i s  
t e c h n i q u e s  w e r e  u s e d  to e v a l u a t e  the c l a s s i f i c a t i o n  of the
KISRTCHIE 1318-1913 MSS"" 
•SUPERVISED* CLASSIFICATION 
NOT MODIFIED BY S0ILS ' T
LEGEND
L 0 N & L E R F  
L 0 B L 0 1 L V  
MRPOUOOCH
‘-Vl*
, V . C O M P .
3 0  M CELL S IZE.>
C0MP
COMP. 2 3
CO MP. 2 1
COMP.
COMP. 38
Z r
F i g u r e  20. S u p e r v i s e d  c l a s s i f i c a t i o n  of L a n d s a t
J uly 1 9 7 8 - M a r c h  1979 MS S  d a t a  of all s t u d y 
c o m p a r t m e n t s  in K i s a t c h i e  R a n g e r  D i s t r i c t  
I c l a B s i f i c a t i o n  no t  m o d i f i e d  by Boils).
V128
KISflTCHIE 1918-1919 MSS 
SUPERUISED' CLASSIFICATION 
MODIFIED BV SOILS M '
- LEGEND
■ OPEN
LONG LEAF 
a L0BL0LLV 
‘ HARDU00DS .
V  COMP.
SCALE = 2.0 K'H
50 M CELLL SIZEr
31 C0MP. 38
C0MP. M
COMP. 23
COMP. 21
COMP.
C0MP. 39
COMP. 4 0
F i g u r e  21. S u p e r v i s e d  c l a s s i f i c a t i o n  of L a n d s a t
July 1 9 7 8 - M a r c h  1979 MS S  d a t a  of all s t u d y  
c o m p a r t m e n t s  in K i s t a c h i e  R a n g e r  D i s t r i c t  
( c l a s s i f i c a t i o n  m o d i f i e d  by soils).
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t r a i n i n g  field areas. B o t h  m o d i f i e d  a n d  u n m o d i f i e d - b y - s o i 1s 
c l a s s i f i c a t i o n  r e s u l t s  were c o n s i d e r e d  (Table 18).
R e s u l t s  r e p o r t e d  in T a b l e  18 ar e  m u c h  i m p r o v e d  over 
t ho s e  g i v e n  for the J a n u a r y  1983 MS S  d a t a  (Table 14).
F a i r l y  h i g h  a g r e e m e n t  u a s  o b t a i n e d  for all classes* 
i n d i c a t i n g  that this M S S  d a t a  set w o u l d  be useful for the 
type of d e t a i l e d  m a p p i n g  u h i c h  wa s  p r o p o s e d  for this 
project. R e c o m b i n a t i o n  of the r e s u l t s  into the t h r e e - c l a s s  
c a s e  s h o w e d  a g r e e m e n t s  of 85. 96. and 96 p e r c e n t  for the 
open, pines, and h a r d w o o d  classes, r e spectively. The 
overall t h r e e - c l a s s  a g r e e m e n t  w a s  95 percent, w h i c h  if this 
u e r e  an u n b i a s e d  test, w o uld be q u i t e  a c c e p t a b l e  for 
mapping. F i g u r e  21 i n d i c a t e s  that this type of r e p o r t e d 
a g r e e m e n t  is a t t a i n a b l e  with use of p r o p e r  d a t a  a n a l y s i s  
p r o c e d u r e s .  The r e s u l t s  of the a g r e e m e n t  testB. r e p o r t e d  by 
u h o l e  t r a i n i n g  polygons, a r e  e v e n  m o r e  r e m a r k a b l e  (Table 
19) .
T h e  r e s u l t s  in T a b l e  19 w e r e  excellent. H i g h  
a g r e e m e n t s  for the p o l y g o n  a r e a s  u e r e  a l s o  o b t a i n e d  for the 
TM d a t a  (Table 9). So one muBt ask. wh y  u e r e  the a g r e e m e n t s  
for these a r e a s  n e a r l y  p e r f e c t ?  T h e  a n s w e r  to this q u e s t i o n  
may lie in the n a t u r e  of the a r e a s  u h i c h  u e r e  sampled.
Small d i s c r e t e l y  c h o s e n  p o l y g o n s  w o u l d  tend to h a v e  little 
s t a t i s t i c a l  v a r i a n c e  as c o m p a r e d  to large samples. T h e  MSS 
t r a i n i n g  p o l y g o n s  had. du e  to r e s o l u t i o n  diff e r e n c e s , 
a p p r o x i m a t e l y  o n e - q u a r t e r  the n u m b e r  of p i x e l s  as the TM 
polygons. S a m p l e  s t a t i s t i c s  for the M S S  p o l y g o n s  had
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T a b l e  18. R e s u l t s  of a g r e e m e n t  teBt. by pixels, for t r a i n i n g  
fields u s e d  for s u p e r v i s e d  c l a s s i f i c a t i o n  
of July 1 9 7 8 - M a r c h  1979 L a n d s a t  MS S  data.
C l a s s i f i c a t i o n  m e t h o d
S u p e r v i s e d  S u p e r v i s e d
(unmodified) by s o i l s
N u m b e r  of N u m b e r  P e r c e n t  N u m b e r  P e r c e n t
p i x e l s  c o r r e c t  c o r r e c t  c o r r e c t  c o r r e c t
Cov e r 
c lass
O p e n  40 34
L o n g l e a f  244 190
L o b l o l l y  280 21 4
H a r d w o o d s  142 136
Overall 7 0 6  5 7 4
E x c l u d i n g  
o p e n  666 5 4 0
85 34 85
78 190 78
76 2 2 7  81
96 128 90
81 5 7 9  82
81 545 82
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T a b l e  19. R e s u l t s  of a g r e e m e n t  test, by polygons, for 
t r a i n i n g  fi e l d s  u s e d  for s u p e r v i s e d  
c l a s s i f i c a t i o n  of July 1 9 7 8 - M a r c h  1979 M S S  data.
C l a s s i f i c a t i o n  m e t h o d
S u p e r v i s e d  S u p e r v i s e d
(unmodified) by s o i l s
C o v e r  N u m b e r  of N u m b e r  P e r c e n t  N u m b e r  P e r c e n t
c l a s s  p o l y g o n s  c o r r e c t  c o r r e c t  c o r r e c t  c o r r e c t
□ p e n  5 5 100 5 100
L o n g l e a f  19 19 100 19 100
L o b l o l l y  25 22 88 22 88
H a r d u o o d s  20 20 100 18 90
Overall 69 66 96 64 93
E x c l u d i n g
open 64 61 95 59 92
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s m a l l e r  s t a n d a r d  d e v i a t i o n s ,  on the a v e r a g e  by channel, than 
the s a m e  TM p o l y g o n  areas. T h e  small p o l y g o n s  u s e d  for 
th ese d a t a  u e r e  so u n i f o r m  that they u e r e  e a s i l y  i d e n t i f i e d  
to the c o r r e c t  class. In fact, a feu of the p o l y g o n s  had no 
v a r i a n c e  at all in s o m e  of the c h a n n e l s  of t h ese data.
On e  then must ask. uh y  u e r e  the p o l y g o n  test r e s u l t s  so 
poor for the J a n u a r y  1983 MS S  d a t a  c l a s s i f i c a t i o n ?  Lack of 
f e a t u r e s  in the d a t a  is the ansuer. T h e  TM d a t a  u s e d  u e r e  
r e p r e s e n t e d  by six c h a n n e l s  (spectral bands) of i n f o r m a t i o n  
a n d  the m u l t i d a t e  MSS d a t a  h a d  e i g h t  channels. T h e s e  tuo 
d a t a  s e t B  had s u f f i c i e n t  f e a t u r e s  to d e f i n e  a d e q u a t e l y  the 
s p e c i f i c  c l a s s e s  to be mapped. T h e  J a n u a r y  1983 MSS. on the 
o t h e r  hand, had only four c h a nnels, a n d  these d a t a  u e r e  of 
lou c o n t r a s t  (small range in s a m p l a b l e  d a t a  values).
An i n t e r e s t i n g  p o i n t  h e r e  is that the a g r e e m e n t  for the 
h a r d u o o d  c l a s s  and the overall a g r e e m e n t  in T a b l e  19 
a c t u a l l y  fell uhen the s o i l s  d a t a  u e r e  used. T h e  e i ght 
original spec t r a l  c h a n n e l s  u e r e  s u f f i c i e n t  and the s o i l s  
d a t a  s e e m e d  only to c o n f u s e  the issue. T h e s e  r e s u l t s  a r e  
o b v i o u s l y  biased; thus, the u n b i a s e d  use of the U S F S  s t a n d s  
u a s  d e e m e d  n e c e s s a r y  to a d e q u a t e l y  test the c l a s s i f i c a t i o n  
outcome.
S u p e r v i s e d  classi f i c a t i o n  r e s u l t s  (s t a n d s ).—  T a b l e  20 
is the c o m p i l e d  r e s u l t s  from s t a n d  a n a l y s i s  of the July 
1 9 7 8 - M a r c h  1979 MS S  s u p e r v i s e d  c l a s s i f i c a t i o n .  Th e  r e s u l t s  
s h o u n  in T a b l e  20 ar e  d i s a p p o i n t i n g  in v i e u  of the s u c c e s s  
a c h i e v e d  for t r a i n i n g  field a g r e e m e n t  for the s e  data.
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T a b l e  20. R e s u l t s  of g r o u n d - v e r i  ficat i o n  an d  s u p e r v i s e d
July 1 9 7 8 - M a r c b  1979 MS S  c l a s s i f i c a t i o n  (modified 
by soils) a g r e e m e n t  for c o m p a r t m e n t s  23. 39 
40. an d  46.
ASUI
0 - 3  s t a n d s  4-6 s t a n d s  T o t a l s  for s t a n d s
C o v e r  P e r c e n t  P e r c e n t  N u m b e r  P e r c e n t
c l a s s  No. c o r r e c t  No. c o r r e c t  No. c o r r e c t  c o r r e c t
O p e n  2 50 2 1 50
L o n g l e a f  12 92 12 50 24 17 71
L o b l o l l y  27 74 20 55 47 31 66
H a r d w o o d s  16 63 6 50 22 13 59
Overall 55 75 40 50 95 62 65
E x c l u d i n g
open 55 75 38 52 93 61 66
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T a b l e  21 i n d i c a t e s  that the mi sc 1a s s i f i c a t i o n  p r o b l e m s  were 
s i m i l a r  to those e n c o u n t e r e d  w i t h  the o t her d a t a  sets.
L o b l o l l y  and l o n g l e a f  s t a n d s  w e r e  o n c e  a g a i n  confused,  
as u e r e  lobl o l l y  p i n e  an d  ha r d u o o d s .  T h e  m a jor d i f f e r e n c e  
in this c l a s s i f i c a t i o n  wa s  that s e veral s t a n d s  in the forest 
c l a s e s  w e r e  m i s i d e n t i f i e d  as o p e n  areas. It ca n  be 
s p e c u l a t e d  that the forest s t a n d s  w e r e  c o n f u s e d  w i t h  open 
a r e a s  d u e  to s i m i l a r i t i e s  in v e g e t a t i o n  r e f l e c t a n c e  in the 
July c h a n n e l s  of the data. All o t h e r  c l a s s i f i c a t i o n  c r o s s ­
o v e r s  s e e m  to i n d i c a t e  that m i s i d e n t i f i e d  s t a n d s  uere  
e c o s p e c t r a l l y  s i m i l a r  as B t a t e d  for the oth e r  results.
R e c o m b i n a t i o n  of the p i n e  c l a s s e s  p r o d u c e d  a p i n e  
a g r e e m e n t  of 92 p e r c e n t  and an overall a g r e e m e n t  of 83 
percent. O p e n  a r e a s  u e r e  b e t t e r  i d e n t i f i e d  in this 
c l a s s i f i c a t i o n  than in the oth e r  two. However, b o t h  the 
o p e n  and h a r d w o o d  a g r e e m e n t s  u e r e  uell b e l o u  a c c e p t a b l e  
levels for forest mapping.
All of the d i s c u s s i o n  to t h i s  p o i n t  in this report has 
b e e n  a s s o c i a t e d  u i t h  s p e c i f i c  r e s u l t s  o b t a i n e d  from each 
c l a s s i f i c a t i o n  c o n s i d e r e d  in d i v i d u a l l y .  T h e  n e x t  s e c t i o n s  
p e r f o r m  the a l l - i m p o r t a n t  tie of p l a c i n g  these r e s u l t s  in 
p e r s p e c t i v e  as c o m p a r e d  to e a c h  o t her by U B e  of a n a l y s i s  of 
v a r i a n c e  <ANOV).
C lassi ficat ion C o m p a r i s o n s  
P ri o r  to the actual c l a s s i f i c a t i o n  tests, it ua s  d e e m e d  
e s s e n t i a l  that the e f f e c t  of a d d i n g  s o i l s  d a t a  on s u p e r v i s e d  
c l a s s i f i c a t i o n  be d e t e r m i n e d .  T h i s  u a s  d o n e  by u s e  of ANOV
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T a b l e  21. C o n f u s i o n  t a b l e  of s t a n d  a g r e e m e n t  for s u p e r v i s e d  
c l a s s i f i c a t i o n  of July 1 9 7 8 - M a r c h  1979 M S S  data  
as m o d i f i e d  by s o i l s  data.
C lassi f i c a t i o n
Open L o n g l e a f  L o b l o l l y  H a r d u o o d s
C ov e r  
c lass
0-3 4- 6  0 - 3  4-6 0- 3  4- 6  P e r c e n t
ASUI ASUI ASUI ASUI ASUI ASUI Total c o r r e c t
Open
Lo n g l e a f  
(0-3) 
(4-6) 
L o b l o l 1y 
(0-3) 
(4-6) 
H a r d u o o d s  
(0-3) 
(4-6)
2
2
11
20
11
10
12
12
27
20
16
6
50
92
50
74
55
63
50
Overal1 95 65
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on the r e sults from e a c h  d a t a  set as c l a s s i f i e d  with and 
w i t h o u t  m o d i f i c a t i o n  by s o i l s  information.
A N O V  T e s t s  for So iIs Ef fects on Classi f icat ions
O n e - w a y  ANOV wa s  p e r f o r m e d  on the m o d i f i e d  v e r s u s  
u n m o d i f i e d  s u p e r v i s e d  c l a s s i f i c a t i o n  r e s ults from e a c h  data 
set as te s t e d  by the t r a i n i n g  polygons. T h e s e  
c l a s s i f i c a t i o n s  w e r e  t e s t e d  i n d e p e n d e n t l y  of the o t h e r s  to 
d e t e r m i n e  if s o i l s  had a s i g n i f i c a n t  e f f e c t  on e a c h  outcome. 
T h e r e  wa s  no s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  the two TM 
c l a s s i f i c a t i o n s  w h i c h  w e r e  t e s t e d  by the w h o l e - p o l y g o n  
a p p r o a c h  at the 0 . 0 5  or 0.1 a l p h a  levels. However< t e s t s  by 
p i x e l B  i n d i c a t e d  that s o i l s  had a s i g n i f i c a n t  e f f e c t  on the 
c l a s s i f i c a t i o n  o u t c o m e  at the 0 . 0 5  a l p h a  level. Thus> it 
w as c o n c l u d e d  that for these TM data. s o i l s  w e r e  m o r e  
im p o r t a n t  to the c l a s s i f i c a t i o n  o u t c o m e  as tested by s i n g l e  
p i x e l s  rather than w h o l e  polygons. In this case, the s o i l s  
d a t a  improved the s i n g l e - c e l l  a g r e e m e n t  by 4 p e r c e n t a g e  
p o i n t s  for the f o u r - c l a s s  (open, longleaf. loblolly, and 
h a rdwood) and t h r e e - c l a s s  (open. pine, and hardwood) 
results.
Th e  s a m e  tests a p p l i e d  to the MSS c l a s s i f i c a t i o n s  
p r o d u c e d  B i m i l a r  results. T h e r e  w a s  no s i g n i f i c a n t  
d i f f e r e n c e  in the c l a s s i f i c a t i o n s  te s t e d  by the w h o l e -  
p o l y g o n  a p p r o a c h  for e i t h e r  M S S  c l a s s i f i c a t i o n  ( f o u r - c l a s s  
cases). However, the r e  w a s  a s i g n i f i c a n t  d i f f e r e n c e  in the 
t h r e e - c l a s s  r e sults for the July 1 9 7 8 - M a r c h  1979 w h o l e -  
p o l y g o n  test.
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Th e  J a n u a r y  1983 MS S  c l a s s i f i c a t i o n ,  as te s t e d  by 
p o l y g o n  individual pixels, ua s  s i g n i f i c a n t l y  a l t e r e d  by the 
s o i l s  d a t a  for b o t h  the t h r e e -  and f o u r - c l a s s  c a s e s  (alpha 
levels of 0 . 0 5  an d  0.1. r e s p e c t i v e l y ) .  No s i g n i f i c a n t  
d i f f e r e n c e s  u e r e  found b e t u e e n  the u n m o d i f i e d  a n d  m o d i f i e d  
July 1 9 7 8 - M a r c h  1979 c l a s s i f i c a t i o n s  as t e s t e d  by the a b o v e  
p r o cedures.
An i n t e r e s t i n g  p o i n t  e m p h a s i z e d  by this uork is that 
s o i l s  s e e m e d  to be m o r e  imp o r t a n t  for c l a s s i f i c a t i o n
i
i m p r o v e m e n t  in the s i n g l e - d a t e  d a t a  sets. T h e  s o i l s  data 
u ere not v e r y  useful w h e n  u s e d  to m o d i f y  the t u o - s e a s o n  MSS 
d a t a  set. In fact, the h a r d u o o d  p o l y g o n  and cell agreement, 
as te s t e d  by t r a i n i n g  fields, a c t u a l l y  fell u h e n  the 
c l a s s i f i c a t i o n  uas m o d i f i e d  by the s o i l s  data. T h e s e  
r e s ults seem to i n d i c a t e  that the seas o n a l  c o v e r a g e  of the 
B t u d y  a r e a  ua s  s u f f i c i e n t  to m a p  the categ o r i e s .  S o i l B  data 
only c o n f u s e d  the c l a s s i f i c a t i o n  of the t u o - s e a s o n  MS S  d a t a  
Bet. Houever. s o i l s  a n d  s l o p e  i n f o r m a t i o n  in a forest data 
b a s e  must be c o n s i d e r e d  as useful for p u r p o s e s  o t h e r  than 
c l a s s i f i c a t i o n  m o d i f i c a t i o n .  T h e s e  c o n s i d e r a t i o n s  are 
m e n t i o n e d  in the next section.
S o i l s  d a t a  did. houever. i m p rove the per - p i x e l  
c l a s s i f i c a t i o n  of the t r a i n i n g  fi e l d s  in the TM and J a n u a r y  
M S S  data. S i n c e  the c l a s s i f i c a t i o n s  d i d  not s e e m  to be 
a d v e r s e l y  c h a n g e d  by u s e  of the s o i l s  data, it u a s  d e e m e d  
a p p r o p r i a t e  that the c l a s s i f i c a t i o n s  c o u l d  be c o m p a r e d  to 
e a c h  o t her on the b a s i s  of the U S F S  s t a n d  t e s t s  d e s c r i b e d  in
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p r e v i o u s  sections. S u c h  t e s t s  of d i f f e r e n c e s  in the 
c l a s s i f i c a t i o n s  u e r e  i n d e p e n d e n t  of p r o c e s s i n g  techniques.
ANOV of S u p e r v i s e d  C l a s s i  f icat ion R e s u l t s
All c o m b i n a t i o n s  of c o m p a r i s o n s  u e r e  m a d e  by A N O V  on 
the s u p e r v i s e d  c l a s s i f i c a t i o n s  m o d i f i e d  by soils. T h e s e  
c o m p a r i s o n s  u e r e  b a s e d  on the t e s t s  u h i c h  u e r e  p e r f o r m e d  
w i t h  the USFS stands. H e r e  one ca n  a s s u m e  that the r e sults 
a t t a i n e d  from e a c h  d a t a  set u e r e  i n d e p e n d e n t  of r e s u l t s  from 
the o t h e r  d a t a  sets. Therefore, the A N O V  tests uill be 
i n d i c a t i v e  of the d i f f e r e n c e s  in the d a t a  typeB in lieu of 
p r o c e s s i n g  t e chniques. As p r e v i o u s l y  stated, e a c h  d a t a  set 
u a s  a n a l y z e d  in the s a m e  manner. T a b l e s  22 and 23 s u m m a r i z e  
the c l a s s i f i c a t i o n  o u t c o m e s  a c h i e v e d  from e a c h  d a t a  set.
T a b l e s  24 and 25 s u m m a r i z e  the r e s u l t s  of e a c h  of the 
s i x  c o m p a r i s o n s  u h i c h  u e r e  m a d e  by us e  of ANOV. u h i c h  uas 
p e r f o r m e d  on b o t h  the four- and t h r e e - c l a s s  c a s e s  of each 
c l a s s i f i c a t i o n .  Th e  m i n i m u m  a n d  m a x i m u m  levels of 
s i g n i f i c a n c e  u e r e  a r b i t r a r i l y  chosen. Houever. it is felt 
that these levels a d e q u a t e l y  r e p r e s e n t  the A N O V  tes t s  for 
d e m o n s t r a t i o n  of the s i m i l a r i t i e s  and d i f f e r e n c e s  in the 
results.
T h e  two t a b l e s  g i v e n  for the A N O V  c o m p a r i s o n s  (Tables 
24 an d  25) i n d i c a t e  c l e a r l y  that the L a n d s a t  Til d a t a  u e r e  
not as well s u i t e d  to the p r o j e c t  as o r i g i n a l l y  expected.
T h e  TM c l a s s i f i c a t i o n  result as te s t e d  by s t a n d s  ua s 
s i g n i f i c a n t l y  b e t t e r  than b o t h  the M S S  r e s u l t s  for 
i d e n t i f i c a t i o n  of the four original c o v e r  classes.
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T a b l e  22. S u m m a r y  of s u p e r v i s e d  c l a s s i f i c a t i o n  r e sults 
o b t a i n e d  from s t a n d  a g r e e m e n t  t e s t i n g  of 
L a n d s a t  M S S  and TM d a t a  sets.
P e r c e n t  P e r c e n t  P e r c e n t
c o r r e c t  c o r r e c t  c o r r e c t
C ov e r  Nu m b e r  of 1983 1 9 7 8 - 7 9  1983
c l a s s  s t a n d s  TM MSS MSS
O p e n  2 0 50 0
L o n g  leaf 24 58 71 0
L o b l o l l y  47 81 66 85
H a r d u o o d s  22 91 5 9  59
Overall 95 76 65 56
E x c 1ud i ng
o p e n  93 77 66 57
1 AO
T a b l e  23. S u m m a r y  of s u p e r v i s e d  c l a s s i f i c a t i o n  r e s u l t s  
o b t a i n e d  from s t a n d  a g r e e m e n t  t e s t i n g  of 
L a n d s a t  M S S  and TM data s e t s  (pine c l a s s e s  
c o m b  i n e d ).
P e r c e n t P e r c e n t P e r c e n t
co r r e c t co r r e c t c o r r e c t
Cover Nu m b e r  of 1983 1978-79 1983
c lass s t a n d s TM MSS MSS
Open 2 0 50 0
P i nes 71 87 92 90
H a r d u o o d s 22 91 59 59
O v e r a 11 95
E x c l u d i n g  
open 93
85
87
83
84
81
83
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T a b l e  24. R e s u l t s  of A N O V  t e sts p e r f o r m e d  for c o m p a r i s o n  
of s u p e r v i s e d  c l a s s i f i c a t i o n s  of L a n d s a t  TM 
and MS S  d a t a  s e t s  (open, longleaf. loblolly, 
an d  h a r d u o o d s  c l a s s e s  c o n s idered).
Classi ficat ion
Classi f i c a t i on 1983 TM 19 7 8 - 1 9 7 9  MSS 1983 MSS
1983 TM --- * * *
1 9 7 8 - 1 9 7 9  MSS --- --- NS
* = s i g n i f i c a n t  d i f f e r e n c e  at a l p h a  level of 0.1.
## = s i g n i f i c a n t  d i f f e r e n c e  at a l p h a  level of 0.005. 
NS = n o n - s i g n i f i c a n t  at a l p h a  level of 0.1.
  = m i r r o r - i m a g e  s i d e  of table not presented.
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T a b l e  25. R e s u l t s  of A N O V  tests p e r f o r m e d  for c o m p a r i s o n  
of s u p e r v i s e d  c l a s s i f i c a t i o n s  of L a n d s a t  TM 
a n d  MSS d a t a  s e t s  (open. pine, an d  h a r d w o o d s
c 1 a s s e s c o n s i d e r e d ) .
Classi f ication
Classi f icat i on 1983 TM 1 9 7 8 - 1 9 7 9  MSS 1983 MSS
1983 TM --- NS NS
1 9 7 8 - 1 9 7 9  MSS --- --- NS
NS = n o n - s i g n i f i c a n t  at a l p h a  level of 0.1.
  = m i r r o r — image side of table not presented.
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However, for the t h r e e - c l a s s  case, the TM d a t a  w e r e  not 
s i g n i f i c a n t l y  d i f f e r e n t  from e i t h e r  M S S  d a t a  set for c l a s s  
i d e n t i f i c a t i o n  by us e  of the p r o c e d u r e s  e m p l o y e d  in this 
proj ect.
Th e  a d v a n t a g e s  a n d  d i s a d v a n t a g e s  of the two d a t a  types 
U B e d  in this s t u d y  a r e  d i s c u s s e d  in the n e x t  section. 
A d d i t i o n a l  i n f o r m a t i o n  on bas i c  e c o n o m i c  c o n s i d e r a t i o n s  has 
a l s o  b e e n  included. T h e  f o l l o w i n g  c o m m e n t s  ar e  m a d e  from a 
pra c t i c a l  as well as a t h e o r e t i c a l  s t andpoint.
G e n e r a  1 Discu s s i  on 
A large a m o u n t  of useful i n f o r m a t i o n  on L a n d s a t  
a n a l y s i s  uas c e r t a i n l y  d o c u m e n t e d  by this project. Houever. 
to this p o int in the d i s c u s s i o n ,  most of the e m p h a s i s  has 
b e e n  p l a c e d  on the s c i e n t i f i c  n a t u r e  of the s e  endeavors. 
L i t t l e  has been s a i d  on how these r e sults c o u l d  be put to 
pr a c t i c a l  us e  by r e s o u r c e  managers. The f o l l o w i n g  s e c t i o n s  
u e r e  w r i t t e n  to a d d r e s s  the pra c t i c a l  a p p l i c a t i o n s  a s p e c t s  
of this project.
D a t a  Set C o m p a r i s o n s
O p e r a t i o n a l  us e  of a n y  type of d a t a  or a n a l y s i s  
t e c h n i q u e  must be t a k e n  into c o n s i d e r a t i o n  w h e n  s u c h  
i n f o r m a t i o n  c o u l d  be b e n e f i c i a l  b e y o n d  the u n i v e r s i t y  
e n v i r onment. ThuB. on e  m u s t  m a k e  c o m p a r i s o n s  in the 
pra c t i c a l  s e n s e  in o r d e r  to a s c e r t a i n  the u t i l i t y  of 
s a t e l l i t e  t e c h n o l o g y  for forest survey.
L a n d B a t  TM d a t a  u a s  e x p e c t e d  to be s u p e r i o r  to MSS data
1 4 4
for forest c h a r a c t e r i z a t i o n .  However, part of this s t u d y  
s e e m s  to re f u t e  this v i e w p o i n t .  T h e  TM d a t a  w e r e  be t t e r  
s u i t e d  than MSS for i d e n t i f i c a t i o n  of the p i n e  s p e c i e s  
s t u d i e d  in this project. Yet w h a t  d o e s  "better" really 
imply? A N O V  i n d i c a t e d  s i g n i f i c a n t  d i f f e r e n c e s  in the TM and 
b o t h  M S S  results. However, n o t e  that the TM data, at the 
f o u r - c l a s s  level of i n t e r p r e t a t i o n  (open, longleaf. 
loblolly, and h a r d w o o d s ) ,  w e r e  no t  s u f f i c i e n t l y  c l a s s i f i e d  
for us e  in forest survey. O n e  must then look at t h r e e - c l a s s  
a g r e e m e n t  as c o m p a r e d  to the M S S  c l a s s i f i c a t i o n  products.
No s i g n i f i c a n t  d i f f e r e n c e s  w e r e  found b e t w e e n  the 
t h r e e - c l a s s  r e s u l t s  for c o m p a r i s o n s  b e t w e e n  the TM and MSS 
results. It was o n l y  at the t h r e e - c l a s s  level of m a p p i n g  
that the r e s u l t s  b e g a n  to a p p r o a c h  a c c e p t a b i l i t y  for c o v e r -  
type m a p p i n g  (85 perc e n t ;  NASA 1980). Th e  c o n s i s t e n c y  of 
the c l a s s i f i c a t i o n s  at the t h r e e - c l a s s  level i n d i c a t e s  that 
a n y  of the three d a t a  s e t s  w o u l d  h a v e  b e e n  useful for the 
project. In any event, open a r e a s  w e r e  p o o r l y  identified, 
p a r t i c u l a r l y  in the s i n g l e - s e a s o n  TM an d  MSS d a t a  sets. The 
n e e d  for seasonal d a t a  for m a p p i n g  all forest c o n d i t i o n s  is 
b r o u g h t  out by these findings. T h u s  the s e  r e sults are 
r e l a t e d  d i r e c t l y  to the p r e f e r e n c e  of seasonal d a t a  as 
e x p r e s s e d  by Hill and E v a n s  (1982).
B e t t e r  r e s ults p r o b a b l y  c o u l d  h a v e  b e e n  o b t a i n e d  from 
g r o w i n g - s e a s o n  or t w o - s e a s o n  TM d a t a  had they been 
a vaila b l e .  The p r e v i o u s l y  r e p o r t e d  r e s u l t s  s e e m  to s u p p o r t  
t his claim. For instance, the s i n g l e - s e a s o n  TM data
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o u t p e r f o r m e d  s i n g l e - s e a s o n  MS S  for the f o u r - c l a s s  case.
Also* the t u o - s e a s o n  M S S  o u t p e r f o r m e d  the B i n g l e  s e a s o n  MSS.
B a s e d  on these tuo s t a t e m e n t s ,  one ca n  c o n c l u d e  that 
tuo-seaBon TM d a t a  c o u l d  p o t e n t i a l l y  o u t p e r f o r m  all of the 
b e f o r e - m e n t i o n e d  d a t a  s e t s  u s e d  for r e c o g n i t i o n  of the 
f orest c l a s s e s  m a p p e d  in t h i s  project. Yet u h a t  s o r t  of 
t r a d e - o f f s  u o u l d  the d a t a  user h a v e  to c o n s i d e r  in 
d e t e r m i n i n g  the a p p r o p r i a t e  type of d a t a  to us e  for his 
a n a l y s i s ?  Th e  a n s u e r  to this q u e s t i o n  is g i v e n  in the next 
section.
C o n s i d e r a t i o n s  for L a n d s a t  Data Use
F r o m  a p u r e l y  s c i e n t i f i c  s t a n d p o i n t ,  the L a n d s a t  TM 
d a t a  U B e d  in this p r o j e c t  u e r e  c l e a r l y  s u p e r i o r  to the MSS 
d a t a  for a c c o m p l i s h i n g  the p r o j e c t  goals. G r o u i n g — s e a s o n  or 
tu o - d a t e  TM data uould. in all likelihood, h a v e  g i v e n  the 
p r e c i s i o n  u h i c h  uas o r i g i n a l l y  s o u g h t  for forest mapping. 
Yet. the m o n e t a r y  c o s t s  u o u l d  be q u i t e  high. A s i n g l e  s c e n e  
of TM d a t a  c u r r e n t l y  c o s t s  $ 3 3 0 0 . 0 0  (as of N o v e m b e r  1.
1985). By c o mparison. MS S  digital d a t a  c o s t  $ 6 6 0 . 0 0  (tuo 
s c e n e s  u o u l d  be $1320. 0 0 ) .  In v i e u  of the fact that the 
t h r e e - c l a s s  r e s u l t s  u e r e  b a s i c a l l y  the same, on e  must 
c e r t a i n l y  a r g u e  for the c h e a p e s t  a l t e r n a t i v e  d a t a  source.
In this case. L a n d s a t  M S S  is the o b v i o u s  choice. E v e n  tuo 
s c e n e s  of digital MS S  d a t a  a r e  m u c h  less e x p e n s i v e  to 
p u r c h a s e  an d  p r o c e s s  than TM.
Therefore, if p i n e  an d  h a r d u o o d  m a p s  ar e  all that are 
needed, a single, j u d i c i o u s l y - c h o s e n  M S S  s c e n e  is p r o b a b l y
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s u f f i c i e n t  for the task. Work on g r o w i n g - s e a s o n  an d  two- 
s e a s o n  TM data will n e e d  to be p e r f o r m e d  b e f o r e  c o n c l u s i v e  
e v i d e n c e  of i m p r o v e m e n t  over MS S  ca n  be s h o w n  for forest 
mapping. It is my o p i n i o n  that TM d a t a  will p r o v e  to be a 
b e t t e r  s o u r c e  of i n f o r m a t i o n  than M S S  d a t a  for forest 
r e s o u r c e  manag e m e n t .  However, initial d a t a  c o s t  an d  m o r e  
e f f i c i e n t  p r o c e s s i n g  t e c h n i q u e s  will h a v e  to be r e a l i z e d  
b e f o r e  TM d a t a  uill be o p e r a t i o n a l l y  a d o p t e d  for u s e  in 
forest surveys. D e G l o r i a  a n d  B e n s o n  (1985) u e r e  a b l e  to 
r e p o r t  only two o r g a n i z a t i o n s  in the U.S. u h i c h  use 
s a t e l l i t e  remote s e n s i n g  for s u p p o r t  of forest inventory. 
O p e r a t i o n a l  L a n d s a t  rem o t e  s e n s i n g  for forest m a n a g e m e n t  is 
a p p a r e n t l y  still in the n o t - t o o - d i s t a n t  future.
C o n s i d e r a t i o n e  for G e o g r a p h i c  D a t a  B a s e s
The s o i l s  data u s e d  for this p r o j e c t  w e r e  s h o w n  to be 
im p o r t a n t  in s o m e  a s p e c t s  of the L a n d s a t  analysis. A l t h o u g h  
s o i l s  d a t a  c o n f u s e d  c l a s s i f i c a t i o n  of the t u o - s e a s o n  M S S 
data, they u e r e  e s s e n t i a l  for i m p r o v e m e n t  of the s i n g l e ­
s e a s o n  results. T h e r e  is. therefore, a n e e d  for a n c i l l a r y  
d a t a  in s o m e  a s p e c t s  of s a t e l l i t e  d a t a  analysis. O f t e n  an 
a n a l y s t  is not a b l e  to o b t a i n  r e p r e s e n t a t i v e  L a n d s a t  data 
for seasonal c o v e r a g e  of a s p e c i f i c  area. In s u c h  cases, 
a n c i l l a r y  d a t a  (such as Boils) c o u l d  p r o v i d e  a v a l u a b l e  
s o u r c e  of i n f o r m a t i o n  w h i c h  w o u l d  e n h a n c e  the m a p p i n g  
p o tential of the s a t e l l i t e  data. T h i s  c o n c e p t  u a s 
d e m o n s t r a t e d  by the r e s u l t s  of this project.
S o i l s  data and d e r i v e d  s l o p e  d a t a  ca n  be q u i t e  useful
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for oth e r  a s p e c t s  of forest manag e m e n t .  C o m b i n a t i o n  of 
v a r i o u s  data s o u r c e s  into a c o m m o n  g e o g r a p h i c  data base 
p r o v i d e s  all of the t o ols for e f f e c t i v e  forest m a n a g e m e n t  
o ver large areas. For instance, the soils, c o v e r  type, and 
s l o p e  i n f o r m a t i o n  c o u l d  be used for p l a n n i n g  s i l v i c u l t u r a l  
o p e r a t i o n s .  T h i s  example, as a p p l i e d  to thiB project, could 
be c a r r i e d  out for a n y  of the s t a n d s  w h i c h  w e r e  d i g i t a l l y  
r e p r e s e n t e d  in the d a t a  base.
S U M M A R Y  AN D  C O N C L U S I O N S
L a n d s a t  TM and M S S  d a t a  uere c o m p a r e d  for u t i l i t y  of 
forest c l a s s i f i c a t i o n  of a s t u d y  a r e a  in w e s t - c e n t r a l  
Louisiana. TM d a t a  u e r e  e x p e c t e d  to o u t p e r f o r m  MS S  d a t a  for 
d e t a i l e d  s t a n d  and type m a p p i n g  of the region. T h i s  uas 
g e n e r a l l y  the case; houever. s o m e  d r a w b a c k s  u e r e  d i s c o v e r e d  
u h i c h  c o u l d  a f f e c t  future d e c i s i o n s  on c h o i c e s  b e t u e e n  TM 
and M S S  d a t a  for forest analysis.
Six L a n d s a t  MS S  an d  one TM d a t a  s e t s  u e r e  o r i g i n a l l y  
o b t a i n e d  for the project. The TM d a t a  u e r e  r e t a i n e d  for 
further p r ocessing, and thr e e  of the MS S  d a t a  s e t s  uere  
c h o s e n  on the b a sis of spec t r a l  c h a r a c t e r i s t i c s  u h i c h  u e r e  
d e t e r m i n e d  by u n s u p e r v i s e d  c l a s s i f i c a t i o n  techniques. Thus, 
the L a n d s a t  data s e t s  a n a l y z e d  included on e  TM s c e n e  
(January 1983). a s i n g l e  s e a s o n  of MS S  (January 1983). and 
one d a t a  set c o m p o s e d  of tuo MSS s c e n e s  (July 1978 and M a r c h  
1979). All t h ree u e r e  r e f o r m a t t e d  and p r o c e s s e d  by E L A S  
s o f t w a r e  i m p l e m e n t e d  at RSIP. L o u i s i a n a  S t a t e  U n i versity. 
T h e s e  d a t a  u e r e  a l s o  g e o r e g i s t e r e d  to a c o m m o n  c o o r d i n a t e  
s y s t e m  (UTM) so that identical s t u d y  a r e a s  a n d  s a m p l e  s i t e s  
c o u l d  be investigated. C l o u d s  and c l o u d  s h a d o u s  u h i c h  
o c c u r r e d  in these d a t a  u e r e  e l i m i n a t e d  from all s o u r c e s  of 
data used for the study. S t a n d s  s u s p e c t e d  of a l t e r a t i o n  
b e t u e e n  the aerial a n d  s a t e l l i t e  i m a g e r y  d a t e s  u e r e  a l s o 
disregarded.
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E x t e n s i v e  a n c i l l a r y  d a t a  w e r e  c o l l e c t e d  a n d  p r e p a r e d  
for us e  in the study. F o r e s t  c o ver m a p s  w e r e  p r o d u c e d  by 
i n t e r p r e t a t i o n  of A S C S  an d  N H A P * C I R  aerial p h o t o g r a p h y .
N i n e  test c o m p a r t m e n t s  w e r e  i n t e r p r e t e d  w i t h i n  the K i s a t c h i e  
R a n g e r  D i s t r i c t  of K i s a t c h i e  Nati o n a l  Forest. Louisiana. 
T h e s e  nine, r a n d o m l y  s e l e c t e d  c o m p a r t m e n t s  w e r e  u s e d  as the 
t r a i n i n g  and test a r e a s  for the L a n d s a t  d a t a  analysis.
F i e l d  work wa s  p e r f o r m e d  to v e r i f y  the p h o t o i n t e r p r e t e d  
g r o u n d - v e r i f i c a t i o n  m a p s  of the s t u d y  area. R e s u l t s  of 
f i e l d - s i t e  i n s p e c t i o n  ind i c a t e d  that t h ese m a p s  a p p r o a c h e d  a 
level of 90 p e r c e n t  a g r e e m e n t  to actual field c o n d i t i o n s .
Th e  p h o t o i n t e r p r e t e d  c o ver m a p s  w e r e  d i g i t i z e d  in the 
UTM c o o r d i n a t e  s y s t e m  for r e g i s t r a t i o n  w i t h  the s a t e l l i t e  
data. C o m p a r t m e n t  s t a n d  m a p s  w e r e  o b t a i n e d  from the U S F S  
an d  w e r e  also digiti z e d .  Th e  g r o u n d - v e r i f i c a t i o n  m a p s  and 
s t a n d  b o u n d a r i e s  w e r e  later U B e d  to test the c l a s s i f i c a t i o n  
o u t c o m e s  d e t e r m i n e d  from e a c h  of the L a n d s a t  d a t a  sets.
Aerial u n i f o r m i t y  and v o l u m e  d e t e r m i n a t i o n s  w e r e  m a d e  
for e a c h  s t a n d  in the s t u d y  c o m p a r t m e n t s .  T h e s e  
i n t e r p r e t a t i o n s  w e r e  u s e d  to further s u b d i v i d e  the g r o u n d -  
v e r i f i c a t i o n  d a t a  in an a t t e m p t  to a c c o u n t  for po t e n t i a l  
spectral d i v e r s i t y  w h i c h  c o u l d  be e x h i b i t e d  in the s a t e l l i t e  
data. T h e  aerial u n i f o r m i t y  a n d  v o l u m e  d e t e r m i n a t i o n s  were  
c o m b i n e d  with the c o v e r - t y p e  m a p s  to p r o d u c e  the final 
g r o u n d - v e r i f i c a t i o n  m a p s  used for the study.
E a c h  L a n d s a t  d a t a  Bet wa s  first p r o c e s s e d  by a c o m m o n  
s t a t i s t i c a l  c l u s t e r i n g  a l g o r i t h m  u h i c h  g e n e r a t e d  s p e c t r a l
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s i g n a t u r e s  in a s e m i - a u t o m a t e d  fashion. Th e  spectral 
s i g n a t u r e s  w e r e  u s e d  to c l a s s i f y  i n d e p e n d e n t l y  e a c h  of the 
d a t a  B e t s  by us e  of a m a x i m u m  l i k e l i h o o d  algorithm. All 
t h ree c l a s s i f i c a t i o n s  u e r e  c o m p a r e d  to the g r o u n d -  
veri fica t i o n  map. an d  a g r e e m e n t  b a s e d  on all p i x e l s  in the 
test c o m p a r t m e n t s  u a s  determined.
Overall a g r e e m e n t  for e a c h  u n s u p e r v i s e d  c l a s s i f i c a t i o n  
( f o u r - c l a s s  cases) u a s  q u i t e  lou for all t h ree d a t a  sets.
T h e  f o llouing overall a g r e e m e n t s  u e r e  d e t e r m i n e d :
Data set Four c 1 a s s e s  T h r e e  c 1 a s s e s
TM 54 p e r c e n t  70 p e r c e n t
s i n g l e - d a t e  MSS 44 p e r c e n t  72 p e r c e n t
t u o - d a t e  M S S  46 p e r c e n t  76 percent.
The g r o u n d - v e r i f i c a t i o n  map uas used to locate trai n i n g  
fields for use in s u p e r v i s e d  spectral s i g n a t u r e  g e n e r a t i o n  
for e a c h  of the t h ree d a t a  sets. E a c h  d a t a  set uas 
c l a s s i f i e d  b a s e d  on the Bpectral s t a t i s t i c s  by u s e  of 
m a x i m u m  likelihood. T h e  s u p e r v i s e d  c l a s s i f i c a t i o n s  uere 
a l s o  m o d i f i e d  on the b a s i s  of p r ior p r o b a b i l i t y  of 
o c c u r r e n c e  of e a c h  c o v e r  type on soil t y p e s  u h i c h  u e r e  in 
the s t u d y  area. T h e  s o i l s  data u e r e  obtained, in m a p  form, 
from the U S F S  a n d  u e r e  d i g i t a l l y  input into the c o m p u t e r  
system.
A g r e e m e n t  b e t u e e n  the s u p e r v i s e d  c l a s s i f i c a t i o n s  and 
the g r o u n d - v e r i f i c a t i o n  uas d e t e r m i n e d  first by use of the 
original t r a i n i n g  s a m p l e  polygons. A g r e e m e n t  for these
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p o l y g o n s  t r e a t e d  as s i n g l e  u n i t s  uas as f o l l o u s  for the 
c l a s s i f i c a t i o n s  u n m o d i f i e d  by soils:
J a n u a r y  1983 TM = 83 percent.
J a u a r y  1983 MS S  = 59 percent, and
July 1 9 7 8 - M a r c h  1979 = 9 5  percent.
Th e  s a m e  c l a s s i f i c a t i o n s  as tested by all t r a i n i n g - p o 1ygon
p i x e l s  had a g r e e m e n t s  of 68. 52. an d  81 percent, 
re s pectively. The a b o v e  thr e e  c l a s s i f i c a t i o n s  u e r e  also 
t e s t e d  for the t h r e e - c l a s s  c a s e  for b o t h  tes t s  u h i c h  used 
the t r a i n i n g  fields. W h o l e - p o l y g o n  a g r e e m e n t s  for the 
t h r e e - c l a s s  c a s e  u e r e  93. 81. a n d  100 p e r c e n t  c o r r e c t  for 
the three c l a s s i f i c a t i o n s ,  respectively. S i n g l e - p i x e l  
a g r e e m e n t s  ( t h r e e - c l a s s  case) u e r e  84. 72. a n d  95 p e r c e n t  
c o r r e c t  for the TM. sin g l e - d a t e ,  and t u o - d a t e  
c l a s s i f i c a t i o n s ,  respectively.
M o d i f i c a t i o n  of the c l a s s i f i c a t i o n s  by the s o i l s  d a t a  
improved the t r a i n i n g - f i e l d  a g r e e m e n t  for the TM and 
s i n g l e - d a t e  MSS r e s u l t s  by from 0 to 5 p e r c e n t a g e  points.
UB e  of the s o i l s  data on the t u o - s c e n e  MS S  c l a s s i f i c a t i o n  
had little effect, a n d  in three of the four tests, by 
t r a i n i n g  field, a c t u a l l y  r e d u c e d  the overall a g r e e m e n t  to 
the g r o u n d - v e r i f i c a t i o n  data.
T h e s e  tests i n d i c a t e d  that a r e a s  of s t a n d  s i z e  c o u l d  be 
c l a s s i f i e d  bet t e r  than s i n g l e  p i x e l s  in L a n d s a t  data. 
Furthermore, the m u l t i d a t e  d a t a  set ua s  a d v e r s e l y  c h a n g e d  by 
the B o i l B  d a t a  u h i l e  s i n g l e - d a t e  d a t a  c l a s s i f i c a t i o n s  u e r e  
s l i g h t l y  improved. T h e  c o n c e p t  of s t a n d  c l a s s i f i c a t i o n  and
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m o d i f i c a t i o n  by s o i l s  u a s  further tested by use of USFS 
s t a n d s  from four of the nine test co m p a r t m e n t s .
E a c h  s u p e r v i s e d  c l a s s i f i c a t i o n  ua s  t e s t e d  by use of the 
s a m e  95 U S F S  stands. O n l y  the s o i 1s - m o d i f i e d  
c l a s s i f i c a t i o n s  u e r e  tested. Of the f o u r - c l a s s  cases, the 
TM c l a s s i f i c a t i o n  ha d  the h i g h e s t  a g r e e m e n t  to the g r o u n d  
d a t a  (76 percent). R e g r o u p i n g  of the c l a s s e s  into open, 
pine, a n d  h a r d u o o d s  g a v e  s t a n d  a g r e e m e n t s  of 85. 81. and 83 
p e r c e n t  overall for the TM. B i n g l e - d a t e  MSS. and t u o - d a t e 
MS S  results, resectively.
A N O V  uas used to d e t e r m i n e  if s i g n i f i c a n t  d i f f e r e n c e s  
e x i s t e d  b e t u e e n  the s u p e r v i s e d  c l a s s i f i c a t i o n  results.
S o i l s  d a t a  uere s h o u n  to h a v e  a s i g n i f i c a n t  ef f e c t  on the 
per - p i x e l  o u t c o m e  for c l a s s i f i c a t i o n  of all t h ree d a t a  sets. 
A N O V  of the c l a s s i f i c a t i o n s ,  as c o m p a r e d  to e a c h  other, 
d e m o n s t r a t e d  that TM d a t a  u e r e  s u p e r i o r  for i d e n t i f i c a t i o n  
of the d e t a i l e d  c o v e r  types as m a p p e d  by t h ese methods. 
Houever. t h ere u e r e  no s i g n i f i c a n t  d i f f e r e n c e s  b e t u e e n  the 
t h r e e - c l a s s  c a s e s  for c l a s s i f i c a t i o n  of the L a n d s a t  data.
All of the a n a l y s i s  p r o c e d u r e s  d e s c r i b e d  in this report 
u e r e  d e s i g n e d  to d e t e r m i n e  hou uell L a n d s a t  d a t a  c o u l d  be 
u s e d  to m a p  forest t y p e s  and s t a n d s  in Louisiana. Us e  of 
the s a m e  a n a l y s i s  t e c h n i q u e s  on all d a t a  s e t s  a l l o u e d  
c o m p a r i s o n  of i n h e r e n t  d i f f e r e n c e s  and u t i l i t y  of the data 
for foreBt mapping.
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Th e  f o l l o w i n g  c o n c l u s i o n s  w e r e  d e r i v e d  from the r e sults  
of this project.
1. Th e  L a n d s a t  TM d a t a  used in this s t u d y  w e r e  s u p e r i o r  
to the M S S  d a t a  s e t s  for i d e n t i f i c a t i o n  of 
l o n g l e a f - s l a s h  pine, l o b l o l l y - s h o r t l e a f  pine, and 
h a r d w o o d  s t a n d s  in the K i s a t c h i e  R a n g e r  District.  
K i s a t c h i e  N a t i o n a l  Forest. Louisiana.
2. B a s e d  on the p r o c e d u r e s  used, t h e r e  w e r e  no 
s i g n i f i c a n t  d i f f e r e n c e s  in the TM and M S S  s u p e r v i s e d  
c l a s s i f i c a t i o n s  of p i n e s  a n d  hardwoods.
3. F o r e s t  s t a n d  m a p p i n g  in this s t u d y  a r e a  was 
feasi b l e  at the p i n e - h a r d w o o d  level of 
c l a s s i f i c a t i o n  for both TM and MSS.
4. S o i l s - c o v e r  t y p e  p r o b a b i l i t i e s  of o c c u r r e n c e  
were imp o r t a n t  for i m p r o v e m e n t  of s i n g l e - d a t e  
L a n d s a t  c l a s s i f i c a t i o n s  but reduced 
a g r e e m e n t  of the m u l t i d a t e  result.
5. Two d a t e s  of L a n d s a t  MS S  c a n  be p r o c e s s e d  with 
s u c c e s s  e q u a l l i n g  TM a n a l y s i s  and at a much 
r e duced total cost for p i n e - h a r d w o o d  mapping.
A few s u g g e s t i o n s  for future r e s e a r c h  a r e  p r e s e n t e d  on 
the b a s i s  of the f i n d i n g s  of this study. In v i e w  of the 
s u c c e s s  of the s i n g l e - s e a s o n  TM c l a s s i f i c a t i o n ,  two s e a s o n s  
s h o u l d  be i n v e s t i g a t e d  to d e t e r m i n e  what m a x i m u m  level of
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forest detail c o u l d  p o t e n t i a l l y  be i d e n t i f i e d  by digital 
p r ocessing. S u c h  a t w o - d a t e  a n a l y s i s  s h o u l d  be c o m p a r e d  to 
the m u l t i - s e a s o n  c l a s s i f i c a t i o n  of MS S  d a t a  in o r der to 
d e t e r m i n e  the optimal a p p r o a c h  to forest m a p p i n g  with  
s a t e l l i t e  data. A d d i t i o n a l l y ,  e c o n o m i c  j u s t i f i c a t i o n  for 
u se of b o t h  TM an d  M S S  d a t a  s h o u l d  be c l o s e l y  s c r u t i n i z e d  as 
c o m p a r e d  to t r a d i t i o n  aerial p h o t o i n t e r p r e t a t i o n  m e t h o d s  of 
d e t a i l e d  forest analysis.
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